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To  Lens  Users,  these  lines: — 

Ah!  make  the  most  of  what  we  yet  may  spend, 

Before  we  too  into  the  Dust  descend; 

Dust  into  Dust,  and  under  Dust,  to  lie, 

Sans  Wine,  sans  Song,  sans  Singer,  and   sans  End! 


— Fitzgerald. 
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Competition. 


in  Money 
Prizes, 


As  we  are  anxious  to  perfect  this  book,  in  order  that  it  may  bs 
as  useful  a  manual  as  possible,  we  offer  £15  (Fifteen  Pounds), 
divided  into  the  three  following  classes. 


£5  (Five  Pounds)  is  offered  for:  The  best  list  of  corrections, 
either  in  grammar,  style,  or  matter. 


£5  (Five  Pounds)  is  offered  for:  The  best  list  of  suggestions, 
which  will  improve  a  subsequent  issue  of  the  book.  The  sugges- 
tions to  be  new  matter,  not  merely  corrections  or  rearrangement 
of  existing  material. 


£5  (Five  Pounds)  is  offered  for:  The  Best  Photograph  taken 
with  any  form  or  make  of  Beck  or  Beck-Steinheil  Lens.  The 
photograph,  as  it  is  to  be  used  as  an  illustration  in  this  book, 
should  preferably  have  some  connection  with  som.e  of  the  subjects 
treated  of. 


1.  Messrs.  R.  &  J.  Beck,  Ltd.,  are  to  be  the  sole  judges  in  this 

competition,  and  their  ruling  is  to  be  considered  final. 

2,  Every  entry  for  competition   to   be   accompanied   with  the 


coupon  cut  from  this  book  (see  over),  with  the  name  and 
address  of  the  competitor  written  in  the  space  provided. 
Each  competitor  may  enter  for  the  three  classes,  A,  B  and 
C,  with  one  coupon,  but  may  only  send  one  negative  and 
print  with  each.  As  many  entries  as  desired  m.ay  be  made 
by  one  person,  but  each  entry  must  be  accompanied  by  a 
fresh  coupon. 


3.    Communications  are  to  be  clearly  written  (preferably  type- 


written), on  one  side  of  the  paper  only,  and  any  communica- 
tion requiring  a  reply  must  be  sent  under  separate  cover, 
and  a  stamped  addressed  envelope  enclosed  for  reply. 


4.  Messrs.  Beck  reserve  the  right  of  reproduction  of  any  print 

sent  in  for  this  competition,  whether  for  advertisement  or 
other  purpose.  All  negatives,  except  the  winning  one,  will 
be  returned  if  postage  is  enclosed,  but  the  prints  will  be 
retained . 

5.  The  winning  print  and  negative  to  become  the  property  of 

Messrs.  Beck. 
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CLASS  B. 


CLASS  C. 


RULES  FOR  COMPETITORS. 
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6.  The  following  particulars  must  accompany  each  negative  anil 

print. 

(a)  The  name  and  address  of  competitor. 

(b)  Full  particulars  under  which  negative  was  taken,  exposu  ^, 

etc. 

(c)  The  form  or  make  and  number  of  lens  used,  whether  Enc:: 

or  Beck-Steinheil,  and  whether  fitted  to  a  Frem  \  or 
other  make  of  camera,  and  the  camera  number  if 
possible. 

(d)  Where  possible  state  where  this  book  was  purchased. 

7.  The  package  to  be  addressed  to  us  at  68,  Cornhill,  E.G.,  and 

marked  "Competition,"  Class  A,  B  or  C,  as  the  case  may 
be. 

8.  All  entries  to  reach  us  before  October  31st,  1903. 

9.  The  prizes  will  be  forwarded  to  the  winning  competitors,  by 

cheque,  immediately  the  judging  is  over,  and  the  winners' 
names  will  be  published. 

10.  The  prints  may  be  any  size,  but  must  be  contact,  and  not 

enlargements,  are  not  to  be  framed,  and  should  preferably 
hs  unmounted. 

11.  All  negatives  and  prints  submitted  for  competition  are  at 

competitor's  risk,  but  every  care  will  be  taken  of  them 
while  they  are  in  our  hands. 


To  R.  &  J.  BECK,  Ltd., 

68,  Cornhill,  London,  E.C. 

I  desire  to  enter  your  Photographic  Lens  Book  Competition, 
in  classes : 

A  
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o 

^    Name  ... 
Address 


Date 
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Inscription. 


The  following  pages  are  not  intended  to  give 
a  full  scientific  explanation  of  the  laws  which 
underlie  the  construction  of  the  Photographic 
Lens,  they  are  published  with  the  hope  that 
they  may  be  of  use  as  a  Practical  Guide  to  the 
Practical  Photographer,  who,  v/ithout  wishing  to 
deeply  study  Photographic  Optics,  is  desirous 
of  being  able  to  use  his  apparatus  to  better 
advantage  through  a  knowledge  of  the  general 
principles  which  underlie  its  construction. 


CONRAD  BECK. 
HERBERT  ANDREWS. 


See  uage  199 
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SECTION  L 

PRINCIPLES   AND    FUNCTION    OF  A 
PHOTOGRAPHIC  LENS. 

The  Photographer's  outfit  consists  of  several 
distinct  items— Camera,  Lens,  Tripod,  Plates, 
etc. — all  of  which  have  their  importance,  but . 
it  is  upon  the  quality  of  the  lens,  combined 
with  its  proper  use,  that  the  value  of  the 
resulting  photograph  primarily  depends.  No 
excuse  need  therefore  be  offered  for  this 
attempt  to  guide  the  operator  in  making  a 
proper  selection  and  employment  of  this  im- 
portant piece  of  apparatus. 

The  definition  of  a  photographic  lens  may 
be  thus  expressed  : 

"  A  piece  or  series  of  pieces  of  transparent 
media  (glass)  the  surfaces  of  which  are  always 
portions  of  spheres." 

Its  function  is  to  project  a  picture  of  external  Definition 
objects  upon  a  sensitive  surface  within  the  ®^  ^ 
camera.  It  is  therefore  designed  to  collect  as 
many  rays  as  possible,  emitted  from  a  luminous 
point  in  the  object  which  is  being  photographed, 
and  to  bring  them  to  a  corresponding  point  in 
the  image  plane  (the  photographic  plate),  so 
that  every  point  in  the  object  has  its  counter- 
part in  the  image. 

To  create  by  means  of  a  lens  a  picture  which 
shall  be  a  faithful  reproduction  of  its  original 
is  not  simple.  Some  portions  of  the  picture 
may  be  more  accurately  depicted,  or  better 
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The 
pinhole. 


To 

illustrate 

certain 

properties. 


No  focus. 


Rapidity. 


defined,  than  others.  Distortion  or  other 
defects  may  be  produced  in  varying  degrees, 
and  it  is  the  object  of  the  following  pages  to 
explain  these  defects  and  to  discuss  their 
relative  importance  in  different  lenses. 

The  simplest  of  all  methods  of  producing  an 
actual  image  on  the  photographic  plate  is  by 
means  of  a  pinhole,  and  from  a  study  of  this, 
many  of  the  qualities  and  capabilities  of  a 
photographic  lens  may  be  deduced. 

If  a  small  hole  be  pierced  in  a  thin  piece  of 
card  or  other  suitable  material,  and  this  be 
placed  in  the  position  usually  occupied  by  the 
photographic  lens  an  image  will  be  formed  on 
the  ground  glass,  of  the  object  or  view  under 
consideration. 

Upon  investigating  this  image  it  will  be  seen 
that  the  pinhole  has  the  following  properties  : 

No  Focus, 
No  Rapidity, 
No  Distortion, 
Infinite  Depth, 
Infinite  Angle  of  View, 
Perfect  Covering  Power, 
Perfect  Equality  of  Illumination, 
Very  Poor  Definition. 

When  it  is  stated  that  a  pinhole  has  no  focus 
it  is  meant  that  at  any  position  of  the  ground 
glass  the  image  will  be  equally  sharply  defined. 
This  is  easily  observed  by  moving  the  ground 
glass  to  or  from  the  pinhole,  when  the  picture 
will  merely  increase  or  decrease  in  size,  and 
will  not  vary  in  sharpness  of  delineation  (this 
is  only  true  within  certain  limits,  for  when  the 
screen  is  removed  to  a  great  distance  consider- 
able diffraction  is  introduced). 

Rapidity  is  dependent  upon  the  amount  of 
light  that  a  lens  is  capable  of  receiving  and 
conveying  from  a  point  of  the  object  to  its 
corresponding  point  in  the  picture.  It  is 
governed  primarily  by  the  size-  of  the  lens, 
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which  controls  the  effective  aperture.  In  a 
pinhole  so  little  light  passes  that  the  rapidity 
may  be  stated  to  be  nil,  indeed  a  pinhole  is 
only  able  to  produce  an  image  on  account  of 
the  fact  that  it  approximates  to  a  hole  so  small 
that  one  ray  only  can  pass  from  each  point  on 
the  object  to  its  corresponding  one  in  the 
picture. 

Depth  of  definition  is  the  property  possessed 
by  a  photographic  lens,  of  producing  a  sharp 
picture  of  objects  which  are  situated  at  different 
distances  from  it.  It  is  possessed  to  a  greater 
or  lesser  degree  by  all  lenses,  but  a  pinhole, 
having  -no  focus,  can  reproduce  with  the  same 
degree  of  sharpness,  objects  lying  at  any 
distance  from  it. 

Angle  of  view  is  the  extent  of  the  object  or 
view  included  by  the  photographic  lens  upon 
the  plate.  In  a  pinhole,  this  is  only  governed 
by  the  size  of  the  plate  and  the  thinness  or 
suitability  of  the  material  in  which  the  hole  is 
produced,  and  can  be  considered  for  the  pur- 
poses of  comparison  to  be  unlimited. 

Equality  of  illumination  is  the  term  used  to 
describe  the  relative  intensity  of  the  light 
which  a  lens  is  capable  of  throwing  to  different 
portions  of  the  picture.  If  a  lens  is  so  con- 
structed that  the  edges  of  the  plate  are  as  well 
illuminated  as  the  centre,  the  photograph  when 
printed  will  not  show  any  darkening  towards 
the  edges. 

In  the  case  of  a  pinhole  the  equality  of 
illumination  is  perfect,  provided  the  pinhole  is 
made  in  suitable  materia). 

There  are  but  few  lenses  which  will  produce 
a  picture  in  which  the  marginal  portions  are 
quite  as  sharply  defined  as  the  centre.  There 
will  always  be  a  certain  area  of  sharp  definition, 
and  the  size  of  this  area  describes  the  covering 
power  of  the  lens. 

In  a  pinhole  the  definition  is  the  same  over 
all  parts  of  the  field,  it  may  therefore  for  pur- 


Depth  of 
Definition. 


Angle  of 
View. 


Equality  of 
Illumination. 


Covering 
Power. 
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poses  of  comparison  be  considered  as  perfect. 
Definition,  as  a  matter  of  fact,  is  very  inferior 
in  the  case  of  a  pinhole,  that  is  to  say,  the 
image  is  not  sharp  anywhere.  It  is  true  that 
sharpness  is  a  relative  term,  but  a  standard 
sufficient  to  satisfy  the  most  modest  require- 
ments cannot  be  attained  with  a  pinhole.  The 
degree  of  sharpness  is  directly  dependent  on  the 
size  of  the  hole,  but  when  the  hole  is  less  than 
a  certain  diameter  a  disturbing  factor  is  intro- 
duced. Diffraction  would  be  set  up  which 
would  ruin  the  quality  of  the  image  by  scat- 
tering light  indiscriminately  over  the  whole 
field.- 

From  the  foregoing  cursory  glance  at  the 
properties  of  a  pinhole,  it  is  evident  that  it 
would  be  an  ideal  Lens  "  of  infinite  capabili- 
ties except  for  two  properties. 

It  possesses  no  rapidity: 

It  is  incapable  of  giving  a  sharp  image. 

These  are,  however,  essential  requisites  for 
the  production  of  a  good  photograph,  and  to 
overcome  these  defects  the  modern  lens  has 
been  introduced.  The  whole  aim  and  struggle 
of  the  "  Manufacturing  Optician  "  has  been  to 
produce  a  lens  which  does  not  suffer  from  these 
disabilities,  but  which  shall  combine  to  as  large 
a  degree  as  possible  the  advantages  of  the  pin- 
hDle.  The  magnitude  of  the  problem  can  be 
readily  seen  when  it  is  remembered  that  some 
of  the  factors  are  interdependent,  as  for 
instance,  increase  of  rapidity  involves  decrease 
of  depth  of  definition. 

Image  Formation. 

Let  A  represent  a  point  upon  an  object 
ABC.    This  point  may  be  considered  as  being 

*The  fact  that  light  may  be  considered  to  travel  in  straight  lines  is 
only  true  when  a  considerable  bundle  of  rays  is  referred  to.  If  a  single 
ray  were  travelling  by  itself  it  would  split  up  in  all  directions,  this  splitting 
up  is  called  diffraction,  and  the  nearer  the  bundle  of  light  approaches  to  a 
single  ray  the  more  this  irregular  factor  is  introduced,  aqd  the  more 
p.oticeable  tjiis  errop  becomes  in  the  re^wlta^t  image, 
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brilliantly  illuminated  and  as  radiating  light  in 
all  directions. 


Let  the  cone  LAM  represent  all  the  light 
from  the  point  A  that  can  pass  through  the 
lens  system  L  M.  Now  the  point  I  cannot 
receive  any  light  that  passes  through  the  lens 
system,  except  what  is  included  in  the  cone 
L  A  M  ;  no  ray  of  light,  for  instance,  that  passes 
through  the  point  C  can  reach  the  point  1, 
because  any  such  ray  will  be  refracted  by  the 
lens  system  to  the  point  K,  thus  the  point  1 
will  be  illuminated  only  by  light  radiated  from 
the  point  on  the  object  at  A,  and  it  will  be  a 
reproduction  of  that  point.  If  A  is  bright  it 
will  be  bright,  if  A  is  green  it  will  be  green. 
Thus  every  point  in  the  object  ABC  will  have 
a  corresponding  point  in  the  plane  1  K,  and  an 
exact  picture  or  image  of  the  object  ABC  will 
be  formed  in  I  K. 

This  is  equally  true  of  the  pinhole  image, 

though  in  this  case,  the  cone  LAM  can  te 

•11  •    ^1  •      X    i_       11  for.i\atio 

considered  as  a  smgle  ray  or  a  mmute  bundle  ^ 

of  rays,  the  base  being  only  the  size  of  the  pinhole. 

pinhole.    If  a  piece  of  ground  glass  or  paper 

be  placed  in  the  plane  I  K  the  image  of  the 

object,  if  sufficiently  brightly  illuminated,  will 

be  visible  to  the  eye.    An  image  of  this  kind, 

which  is  actually  existing  in  space,  is  called  a 

real  .image.     It  is  with  this  image  that  the  Real 

photographic  lens  is  concerned.  Image. 

The  image  is  invariably  reversed  or  inverted, 

that  is,  the  upper  portions  of  the  object  are  the 

lower  portions  of  the  image.      A  glance  at 
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figure  1  will  explain  this  point,  an  arrow  has 
been  taken  as  the  object,  and  its  image  is 
reversed. 

The  following  diagram  indicates  the  differ- 
ence between  the  image  formation  by  a  pinhole 
and  by  a  photographic  lens.    In  fig.  2,  let  O 


Figure  2.  Figure  3. 

represent  a  pinhole  supposed  for  argument's 
sake  to  be  so  small  that  only  one  ray  of  light 
is  allowed  to  pass,  forming  an  image  at  BB'  of 
the  object  AA'.  As  light  travels  in  straight 
lines  it  is  evident  that  the  image  is  formed 
because  the  point  B'  can  only  be  illuminated  by 
one  ray  of  light,  namely,  that  proceeding  from 
A,  B  will  be  illuminated  by  the  ray  from 
A',  etc.  No  ray  of  light  from  A  could  reach  B 
to  take  part  in  the  formation  of  its  image. 

In  figure  3  a  ray  travelling  from  A  and 
impinging  on  the  lens  at  O  is  bent  during  its 
passage  through  the  lens  and  is  directed  to  B." 
Another  ray  travelling  from  A  in  a  different 
direction  impinges  on  the  lens  at  O',  and  is  also 
bent,  but  in  an  opposite  direction,  and  also 
arrives  at  B.  In  the  same  way  all  rays  from 
A  lying  between  O  and  O'  are  brought  to  a 
point  at  B.  When  it  is  remembered  that  the 
lens  is  circular,  then  all  within  a  cone  with  A 
as  the  vertex  and  OO'  as  the  diameter  of  its 
base,  will  be  brought  to  a  point  or  focus  at  B. 
Thus  a  large  number  of  rays,  instead  of  a 
single  one  are  used  in  the  formation  of  the 
image.  The  time  required,  therefore,  to 
impress  an  image  on  a  photographic  plate  will 
be  reduced.  In  a  similar  manner  all  rays 
emitted  from  A'  and  travelling  within  a  cone 
having  OO'  as  its  base  will  be  converged  to  B', 


See  page  52. 
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in 


the  object  between 


similarly  with  points 
A  and  A'. 

Thus  all  rays  emanating  from  the  objecL 
AA'  which  strike  any  portion  of  the  lens  a:^G 
converged  and  brought  to  a  point  in  the  image. 
If  the  ground  glass  or  plate  be  placed  in  this 
plane  BB'  it  will  receive  the  picture  upon  it. 

In  order  to  produce  a  sharp  photograph,  it 
must  be  placed  in  or  very  near  to  the  plane  BB', 
otherwise  each  point  of  the  object  will  not  be 
represented  by  a  point  in  the  image,  but  by  a 
small  circle,  because  this  image  is  formed  by 
a  series  of  cones  of  rays  (see  figure  4,  XX'). 


Position 
the  plate 
to  produc 
a  sharp 
image. 


Figure  4. 


A  lens,  therefore,  has  a  focus.  A  pinhole 
has  no  focus,  for  wherever  the  ground  glass  is 
placed  the  image  formed  by  single  rays  will 
give  an  equally  sharp  picture. 

The  two  unavoidable  defects  of  a  pinhole. 

(1)  Lack  of  Rapidity. 

(2)  Lack  of  Definition. 

These  are  overcome  by  a  photographic  lens. 
To  what  extent  they  have  been  surmounted 
and  what  attendant  evils  accompany  the  advan- 
tages gained,  it  will  be  the  part  of  the  following 
pages  to  consider. 

To  obtain  the  first  of  these  objects,  in- 
creased rapidity,  an  increased  volume  of  light 
must  be  collected  by  the  lens,  and  to  fulfil  the 
second  condition,  perfect  definition,  all  these 
rays  must  meet  at  exact  points. 

In  the  opening  pages,  it  is  laid  down  that  a 
lens  is  "  one  of  a  series  of  media,  usually  glass, 
bounded  by  spherical  surfaces." 


18 


The 

principles 
of 

refraction. 


It  will  bs  well  to  explain  the  general 
principles  whereby  a  lens  can  bend  or  refract 
light.  When  a  ray  of  light  passes  into  a 
medium  denser  than  air,  such  as  glass,  it  is 
retarded,  and  the  result  following  from  this,  is, 
that  unless  it  passes  into  the  medium  in  a 
direction  exactly  at  right  angles  to  its  surface, 
it  is  bent,  or,  as  it  is  called,  refracted. 

The  ray  AB',  figure  5,  is  bent  at  the  point  O 
into  a  direction  OO',  meeting  the  second 
surface  at  some  point  O' ;  here  it  is  again  bent 
upon  em.erging  into  the  air,  and,  due  to  the 
fact  that  the  two  surfaces  are  parallel,  it  meets 
the  second  at  the  same  angle  at  O'  as  it  left 
the  first  surface  at  O.  It  is  clear,  therefore, 
that  it  must  be  bent  to  exactly  the  same  extent 
as  was  the  case  when  it  entered  the  glass,  but 
in  an  opposite  direction  ;  consequently  the 
emergent  ray  O'B  is  parallel  to  the  incident 
ray  AB',  and  the  light  in  passing  through  a 
parallel  plate  of  glass  has  suffered  no  alteration 
in  its  direction,  but  has  merely  been  displaced 
laterally.  Suppose,  however,  that  the  two  sur- 
faces of  glass  had  not  been  parallel  (figure  6). 


The  ray  AB  after  its  first  refraction,  does 
not  now  meet  the  second  surface  at  the  same 
angle  at  the  point  O'  as  it  left  the  first  surface 
at  the  point  O,  and  is  therefore  not  bent 
upon  emergence  into  the  air  at  the  second 
surface,  in  a  manner  to  exactly  compensate 
its  original  refraction.  In  fact,  in  the  particular 
case  shown  in  figure  6,  the  ray  AB'  being  at 


Figure  5 


Figure  6. 
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right  angles  to  the  second  surface,  is  refracted 
still  further  from  its  original  course  AB'.  Thus 
the  ray  AO,  after  having  passed  through 
both  surfaces  of  the  glass,  is  deviated  from  its 
original  direction  and  emerges  in  the  direction 
O'B.  A  prism,  as  illustrated  in  figure  6, 
deflects  the  light  away  from  its  apex.  If 
another  prism  be  placed  (figure  6)  with  its  base 
against  the  base  of  the  first  prism,  the  ray 
A'B'^  will  be  deflected  in  a  similar  manner, 
and  may  be  considered  to  cut  the  ray  O'B 
in  X, 

If  this  be  carried  further,  as  in  figure  7,  and 

Figure  7.  Figure  8. 

four  portions  of  prisms  be  arranged  as  indi- 
cated, four  rays  can  now  be  made  to  converge  Rapidity, 
and  meet  in  X.  A  spherical  surface  may  be 
compared  to  an  infinite  number  of  prisms  so 
arranged  that  their  surfaces  are  absolutely 
blended,  and  in  this  case  (figure  8)  any  number 
of  rays  striking  the  first  refracting  surface  can 
be  converged  to  a  point  X  (the  focus).  It  is 
upon  the  degree  of  accuracy  with  which  the 
rays  are  brought  to  a  point  that  the  quality  of 
the  lens  depends.  It  is  upon  the  number  of 
rays  brought  to  this  point  that  the  rapidity  of 
the  lens  depends.  If  it  is  ever  possible  to 
fulfil  these  conditions  to  their  limit,  an  ideal 
lens  will  result. 

How  far  this  is  possible  and  what  means 
have  been  adopted  to  overcome  the  difficulties 
which  are  encountered,  will  be  discussed  later. 

It  is  unfortunately  not  correct  to  assume 
that  a  pair  of  spherical  surfaces  forming  a  bi-  ^  simple 
convex  lens,  as  shown  in  figure  8,  are  perfect  free  fro^ 
in  their  action,  as  such  ^  lens  gives  only  a  error, 
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rough  approximation  to  the  desired  result,  as 
will  be  explained  later. 

An  ideal  photographic  lens  would  be  one 
possessing  the  following  properties: 

(1)  No  Focus. 

(2)  Infinite  Rapidity. 

(3)  „  Depth. 

(4)  Covering  Power. 

(5)  No  Distortion. 

(6)  Perfect  Illumination. 

(7)  All  Light  striking  the  first  surface  to 

be  utilized  in  forming  the  Image. 

(8)  A  Perfectly  Flat  Field. 

(9)  Perfect  Sharpness. 

It  is  important  to  consider  how  far  it  is 
possible  to  satisfy  all  these  conditions,  though 
they  will  be  more  fully  treated  under  section 
IV. 

No.  1  (Focus)  can  never  be  attained.  A  lens, 
because  it  is  a  lens  must  have  a  focus,  but 
lenses  can  be  made  with  anygivon  focal  length, 
and  it  is  open  to  the  photographer  to  choose 
what  focus  is  most  suitable  for  any  particular 
work  he  may  be  engaged  upon  ;  this  need  not 
therefore  be  regarded  as  a  serious  drawback. 

No.  2  (Rapidity)  can  be  attained  in  varying 
degrees.  The  degree  necessary  varies  with 
the  work  required  of  the  lens.  This  property 
can  be  regarded  as  having  been  satisfied  by 
the  opticians. 

No.  3  (Depth)  is  directly  dependent  on  the 
rapidity.  The  greater  the  depth  the  less  the 
rapidity,  hence  if  this  condition  is  fully  satisfied 
the  lens  will  have  no  rapidity. 

Here  a  compromise  has  to  be  made  and  no 
method  of  manufacture  can  overcome  this 
difficulty.  The  photographer  is  given  a  means 
of  varying  the  two  factors,  by  the  iris  dia- 
phragm, whereby  the  rapidity  can  be  increased 
or  decreased,  and  thus  the  depth  of  definition 
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be    found  to 


h2  decreased  or  increased  as  circumstances 
may  demand. 

A  compromise    can  usually 
satisfy  any  set  of  conditions. 

No.  4  (Covering  Power)  has  already  been  Covering 
referred  to  in  connection  with  the  pinhole,  power. 
The  best  modern  lenses  (Orthostigmats)  may 
be  regarded  for  all  practical  purposes  as  per- 
fect. In  lenses  that  are  not  so  perfect,  the 
covering  power  can  be  improved  by  reducing 
the  rapidity. 

No.  5  (Distortion).  The  distortion  here  Distortion, 
referred  to  must  not  be  confounded  with  that 
caused  by  tilting  the  camera  or  by  the  faulty 
manipulation  of  the  photographer.  It  refers 
solely  to  that  distortion  due  to  an  imperfection 
of  the  lens  which  causes  straight  lines  in  the 
object  to  be  rendered  as  curved  lines  in  the 
image. 

This  distortion  has  been  overcome  by  the 
manufacturers  in  all  the  better  classes  of  instru- 
ments. Forms  of  the  error,  due  to  other 
causes  are  dealt  with  later,  but  they  do  not 
depend  on  the  quality  of  the  lens, 
incorrect  use. 

No.  6  (Illumination).     Perfect  illummation  illumination. 

is  the  property  which  enables  the 
as  large  a  quantity  of  light  to  the 
field  as  to  the  centre. 

Strictly  speaking  perfect  illumination  is 
impossible  in  a  lens  system,  but  lenses  have 
been  recently  much  improved  in  this  respect. 
A  good  lens  catalogued  to  cover  a  given  plate 
will  do  so  and  will  give  approximately  equal 
illumination  over  the  whole  area. 

No.  7  (Utilization  of  Light).  The  whole  light  Utilization 
that  strikes  the  first  surface  of  the  lens  must  lig*^*- 
be  used  in  the  formation  of  the  ima^e.  If,  on 
account  of  imperfections  in  the  lens  or  the 
presence  of  unsuitable  reflecting  surfaces,  any 
light  has  entrance  to  the  camera  which  does 
not  help  in  the  formation  of  the  image,  it  will 


but 


upon  its 


illummation 
ens  to  throw 
edge  of  the 
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tend  to  produce  a  slight  veil  or  milkiness  over 
the  picture,  destroying  its  brilliancy.  The 
shadows  will  not  be  so  black  nor  the  high- 
lights so  white,  as  would  otherwise  be  the  case. 
The  loss  of  light  due  to  absorption  by  unsuit- 
able glass  or  to  throwing  back  by  reflecting 
surfaces,  is  a  less  important  matter,  as  although 
it  may  reduce  the  rapidity  of  the  lens  it  does 
not  impair  the  quality  of  the  image.  The  best 
lenses  may  be  considered  to  be  adequately 
corrected  in  these  respects. 

No.  8  (Flatness  of  Field).  By  a  perfectly  flat 
field  is  meant  that  the  picture  formed  by  the 
lens  is  situated  on  a  perfectly  flat  surface, 
which  is  free  from  curvature. 

The  degree  to  which  this  is  fulfilled  by  the 
photographic  lens  varies,  but  in  a  lens  such  as 
the  Beck-Steinheil  it  can  bo  regarded  as  being 
perfectly  flat.    (See  Astigmatism,  Section  III). 

This  will  show  that  in  the  field  of  a  lens  of 
this  type  the  variation  from  the  flat  is  suffi- 
ciently little  to  be  negligible  over  an  area  of  60°. 

No.  9  (Definition).   Perfect  sharpness  in  itself 
is  unattainable,  but  in  photographic  work,  if  a 
point  is  represented  by  a  circle  of  not  more" 
than  1-200  of  an  inch  in  diameter,  it  is  con- 
sidered to  be  sharp. 

Such  a  degree  of  sharpness  may  be  obtained 
with  any  but  the  commonest  of  lenses,  and  is 
frequently  surpassed. 

It  will  be  gathered  from  the  foregoing  pages 
that  every  good  lens  should  have  the  following 
properties :  ^ 

(5)  No  Distortion, 

(6)  Even  Illumination. 

(7)  The  whole  of  the  Light  striking  the 

First  Surface  utilized  in  the  Image 
Formation. 

(8)  A  Flat  Field. 

(9)  Brilliant  Definition. 

But  the  most  suitable  focus,  rapidity,  depth 
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and  covering  power  may  be  selected  according  Properties 

to  circumstances.    The  skill  and  energy  of  the 

optician  has  surmounted  most  of  the  difficul-  varied. 

ties  which,  in  the  early  days  of  photography, 

stood  in  the  way.     And  although  perfection 

has  not  and  probably  will  never  be  reached, 

vast  strides  have  been  made  in  recent  years. 

In  a  later  chapter  where  the  properties  of 
different  types  of  lenses  are  fully  discussed,  it 
is  shown  that  the  nature  of  the  work  to  be 
done  governs  the  choice  of  a  lens  ;  no  lens 
can  be  found  that  will  do  everything  equally 
well.  Some  are  more  suitable  for  one  kind  of 
work  and  some  for  another,  for  instance,  a 
specially  rapid  lens  made  for  photographing 
restless  children  will  be  of  little  service  in 
reproducing  an  extended  landscape,  and  par- 
ticulars will  be  given  which  will  enable  the 
photographer  to  make  a  suitable  choice  by 
indicating  the  properties  which  are  required 
in  lenses  to  fit  them  for  different  purposes. 
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Brief  Summaf^v  of  the  Chief  Points  in 
Section  L 

(1)  The  definition  of  a  "  Lens." 

"A  piece,  or  series  of  pieces,  of  transparent  media  (^kss) 
the  surfaces  of  which  are  always  portions  of  sphere-." 

(2)  The  function  of  a  lens. 

''To  project  a  picture  of  external  objects  upon  a  sensitive 
surface  within  the  camera." 

(3)  This  image  is  inverted, 

(4)  A  pinhole  is  unsuitable  because— 

(a)  It  has  no  rapidity. 

(b)  It  is  incapable  of  giving  sharp  definition. 

(5)  The  aim  of  the  optician  is  to  produce  a  lens  having  the  follow'n 

properties.  If  this  were  possible  an  ideal  lens  would  result. 
They  are — 

(1)  No  focus. 

(2)  Infinite  rapidity. 

(3)  depth. 

(4)  ,,      covering  power. 

(5)  No  distortion. 

(6)  Perfect  illumination, 

(7)  All  the  light  striking  the  first  surface  of  the  lens  to  be 

utifized  in  forming  the  image. 

(«)  A  perfectly  flat  field. 
(9)  Perfect  sharpness. 

(6)  Every  good  lens  should  have  properties  5,  6,  7,  8  and  9.  but  the 

most  suitable  Focus,  Rapidity,  Depth  and  Covering  Power 
may  be  selected. 
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^SECTION  IL 

GLASS    AND    THE  MANUFACTURE 
OF  LENSES. 

Among  the  numerous  works  on  lenses  there  Glass, 
are  few,  if  any,  which  give  an  account  from 
actual  experience  of  the  process  of  manufac- 
ture. Such  an  account  may  be  helpful  in 
differentiating  the  various  forms  of  lenses 
between  which  an  amateur  or  professional  is 
called  upon  to"  choose.  It  may  tend  to  dispel 
the  idea  that  lenses  of  high  price  are  yielding 
enormous  profits  to  their  manufacturers,  and 
have  not  advantages  corresponding  to  their 
price  ;  it  will  show  without  undue  emphasis 
the  impossibility  of  a  cheap  lens  fulfilling  to 
the  required  degree  the  conditions  suggested 
in  Section  1.  At  the  same  time  it  may  help 
the  photographer  to  realize  the  difficulties  of 
manufacture  and  to  appreciate  what  defects 
are  of  importance  and  what  miay  be  ignored, 
when  purchasing  a  photographic  lens. 

The  vast  majority  of  lenses  now  in  use  are 
composed  of  glass  in  some  form  or  other,  and 
it  is  not  within  the  scope  of  this  work  to  refer  to 
occasional  deviations.  Sutton's  spherical  water 
lens  has  passed  out  of  use,  and  Dr.  Grun's 
adoption  of  the  liquid  principle  has  yet  to 
establish  its  reputation. 

Glass  has  probably  been  employed  since  the 
time  of  the  Greeks  for  the  manufacture  of 
lenses,  but  it  is  only  within  the  last  century 
that  it  has  been  produced  with  the  necessary 
qualities  to  enable  any  degree  of  perfection  in 
lens  construction  to  be  reached.  The  intro- 
duction of  photography  greatly  stimulated  the 
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Properties 
of  glass. 


Refracting 
power. 


optical  glass  industry,  and  as  the  more  urgent 
necessity  for  perfect  lenses  has  arisen,  the 
glass  industry  has  kept  pace  with  the  demand. 

The  properties  necessary  for  making  the 
corrections  in  lenses  for  photographic  purposes 
are — 

(1)  Refracting  Power  (Refractive  Index). 

(2)  Dispersive  Power  (in  relation  to  colours). 

(3)  Stability    under    varying  atmospheric 

conditions. 

(4)  Colour  of  the  Glass. 

(5)  Physical  Defects. 

The  first  two  are  positive  properties  utilized 
by  the  optician  to  produce  certain  results. 
The  last  three  are  defects  which  must  be 
avoided,  they  are  not  utilized  in  effecting  the 
corrections. 

This  property  has  been  referred  to  in  the 
first  section  when  describing  how  a  lens  can 
bend  or  refract  light.  The  refracting  power  of 
different  kinds  of  glass  is  widely  divergent,  it 
is  varied  by  the  materials  used  in  the  manu- 
facture. Lead,  nickel,  phosphorus  and  other 
metals  often  enter  into  the  constitution  of  the 
glass,  and  its  optical  qualities  depend  upon  the 
proportions  of  its  various  components.  The 
measure  of  its  bending  power  is  called  its 
refractive  index.''' 


*NoTE. — Law  of  Refraction. 

When  a  ray  of  light  traveUing  in  a  straight  line  passes  from  one  medium 
(air)  into  a  denser  medium  (glass)  at  any  angle,  not  a  right  angle,  it  is  bent 
in  towards  the  perpendicular  or  (normal)  to  the  surface  at  that  point,  and 
on  passing  out  from  the  denser  medium  is  bent  still  further  in  the  opposite 
direction  from  the  normal. 


Figure  10. 


In  figure  10  let  X  represent  a  plate  of  gla^s  and  A  B  a  ray  of  light 
striking  its  upper  surface  at  B.    The  line  N  N  being  the  normal  at  that 
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Coloured 
Light. 


The  effect  which  gives  rise  to  the  sensation  Dispersion, 
of  white  light  in  our  eyes  is  supposed  to  be 
produced  by  the  combination  of  a  large  series 
of  rays  of  light  all  acting  together  on  the  retina 
of  the  eye.  If  such  a  composite  ray,  emerging 
from  the  sun  or  some  other  powerful  light- 
giving  source,  be  considered,  it  will  be  found  to 
consist  not  of  one  ray  with  a  single  wave 
length,  or  period  of  vibration,  but  of  a  great 
number  all  travelling  together  and  differing 
only  in  their  wave  length  or  period  of  vibra- 
tion. On  closer  examination  of  this  ray,  it  will 
be  seen  that  it  consists  of  an  ascending  series 
of  vibrations,  each  having  a  slightly  shorter 
wave  length  than  the  last,  and  all  travelling 
together. 

It  is  interesting  now  to  see  the  way  that  the 
various  vibrations  affect  our  different  senses. 
If  those  waves  only  that  have  very  long  wave 
lengths  be  isolated,  no  effect  is  produced  on 
the  eyes,  but  a  thermometer  placed  in  their 
path  indicates  that  these  have  heating  power. 
When  a  portion  of  vibrations  with  rather 
shorter  wave  lengths  is  considered,  the  effect 
of  heat  is  still  produced,  but  one's  eyes  are 
also  affected,  and  the  result  obtained  is  what 
is  called  red  light.  Isolating  yet  again  another 
portion,  with  still  shorter  vibrations,  the  effect 
they  produce  on  the  eye  is  again  light  but  of  a 
different  colour — yellow.  The  next  vibrations 
produce  the  colours  to  the  eye  of  orange,  blue, 
and  violet,  in  the  order  of  the  spectrum,  until 
at  last  a  point  is  reached  where  no  further 
effect  of  light  is  produced.    The  vibrations  do 


Different 
vibration 
different 
colours. 


point  (B)  as  the  glass  X  is  the  denser  medium,  the  ray  A  B  will  be  bent  in 
towards  the  normal  as  B  B',  B'  being  the  point  where  it  touches  the  lower 
surface  of  the  glass  X.  On  leaving  the  plate  at  B',  as  it  now  passes  into 
the  less  dense  medium,  air,  it  will  be  bent  away  from  the  normal  N  N '  at 
this  point,  as  B'  B^. 

It  is  found  experimentally  that  the  sine  of  the  angle  (A  B  N)  which  the 
ray  A  B  makes  with  the  normal  N  N  bears  a  strict  fixed  relation  to  the  sire 
of  the  angle  (N  B'  B'^)  which  the  ray  B  B'  makes  with  the  normal  N  N. 
In  other  words  the  sine  of  the  angle  of  incidence  is  to  the  sine  of  the  angle 
of  refraction  in  a  constant  ratio  dependent  on  the  nature  of  the  glass.  In 
ordinary  crown  glass  this  co-efficient  is  about  1'5,  and  is  called  the 
refractive  index. 
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not,  however,  cease  here.  There  are  vibrations 
with  still  shorter  wave  lengths  than  those 
which  cause  light,  and  these,  together  with 
green,  blue  and  violet,  are  the  waves  which 
affect  the  photographic  salts  of  silver. 

One  must  not  suppose  that  there  is  any 
radical  difference  between  these  rays  beyond 
the  difference  in  their  wave  length.  They 
affect  different  senses  in  different  ways.  The 
vibrations  that  are  beyond  the  visible  end  of  the 
spectrunn  would  give  rise  to  light,  except  that 
the  eye  is  not  sufficiently  delicate  to  see  them. 
There  is  every  reason  to  believe  that  they  are 
visible  to  some  of  the  smaller  animalculae. 
The  same  applies  to  the  heat  rays,  and  if  the 
eye  were  but  sensitive  enough,  it  is  possible 
that  there  would  be  no  need  to  ask  a  companion 
if  he  found  the  room  too  warm,  as  one  could 
see  if  it  were  so. 

Now,  refraction  is  due  to  the  fact  that  the 
wave  length  of  light  is  altered  by  passing  from 
one  medium  into  another  of  different  density. 
Light,  however,  does  not  consist  of  one 
vibration,  but  of  a  series,  each  with  a  different 
wave  length,  and  it  is  a  fact  proved  by  experi- 
ment and  accounted  for  by  theory,  that  these 
different  vibrations  have  their  wave  lengths 
altered  in  passing  from  a  rare  medium  into  a 
denser,  in  different  degrees. 

It  has  been  shown  that  it  is  possible  to  con- 
struct an  optical  system  that  will  refract  a 
bundle  of  rays  to  a  single  point,  but  in  doing 
so  it  has  been  assumed  that  the  light  was 
caused  by  vibrations  of  the  same  length, 
namely,  that  it  was  the  same  colour.  The 
Chromatic  rays,  however,  have  not  the  same  wave  length, 
crra  ion.  ^his  defect,  namely,  that  a  bundle  of  white 
light  entering  a  lens  does  not  come  to  one 
point  owing  to  the  fact  that  light  of  different 
colours  is  refracted  to  different  extents,  is 
called  chromatic  aberration,  and  the  correction 
of  this  error  is  most  important.    The  amount 
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of  difference  between  the  refraction  of  the  Dispersion. 

extreme  colours  when  passing  through  a  glass 
is  called  the  "dispersion"  of  that  glass. 

The  dispersive  power  of  glass  is  its  power  of 
splitting  up  a  ray  of  white  light  into  its  various 
primary  colours.  It  varies  in  different  kinds 
of  glass  according  to  their  composition.  This 
variation  is  not  necessarily  in  the  same  ratio 
as  the  refracting  power,  two  glasses  may  have 
the  same  refraction  and  different  dispersion 
and  vice-versa.  The  usual  experiment  to 
demonstrate  this  property  is  familiar  to  all. 


Figure  11. 


If  a  prism  (fig.  1  l)be  placed  in  the  path  of  a  ray  Experiment 

of  white  light  A  B,  this  ray  will  be  split  up  into  to 
a  number  of  component  rays  overlapping  each  ^demonstrate 
other  and  varying  from  red  through  yellow  to  ^^^^^^^^^^^ 
violet.  The  violet  rays,  as  will  be  seen  from 
figure  1 1  are  bent  the  most  and  approach  most 
nearly  to  the  base  of  the  prism ;  in  an  un- 
corrected lens  they  come  to  a  focus  nearer  to 
the  lens  than  the  red.  The  amount  of 
difference  between  the  paths  of  the  rays  A  R 
and  A  V  is  the  measure  of  the  dispersive  power 
of  the  glass  of  which  the  prism  is  made.  It 
is  the  green,  blue,  and  ultra-violet  rays  that 
take  the  most  active  part  in  the  formation  of 
the  image  on  the  photographic  plate,  but  the 
yellow  rays  are  the  most  clearly  visible  to  the 
eye.  The  necessity  then  of  bringing  these 
rays  to  the  same  focus  as  the  violet  will  be 
evident. 

In  figure  12  the  rays  A  A'  are  split  up  by  the  Uncorrected 

uncorrected  lens   so  that  the  blue  or  violet 
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rays  are  brought  to  a  focus  at  V,  the  yellow 
rays,  however,  do  not  come  to  a  focus  till  Y 
and  the  red  till  R.  Hence  if  the  ground  glass 
were  placed  where  the  most  brilliant  image 
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to  the  eye  was  formed,  namely,  at  Y,  the 
picture  would  be  out  of  focus,  as  the  most  chemi- 
cally active  rays,  those  which  affect  the  plate, 
come  to  a  focus  at  V, 

If  the  dispersive  power  of  glass  were  always 
in  exact  relation  to  the  refracting  power,  no 
correction  for  the  chromatic  error  would  be 
possible  ;  that  is  to  say,  if  low  refraction  meant 
low  dispersion  and  high  refraction  meant 
equally  high  dispersion,  a  lens  which,  to  have 
a  focus,  must  refract  or  bend  the  rays,  would 
always  also  have  dispersive  power  to  the  same 
degree. 

For  many  years  this  was  thought  to  be  the 
case  by  astronomers,  who  consequently  turned 
their  attention  to  the  production  of  an  image 
by  reflection.  But  it  is,  as  before  mentioned, 
within  the  power  of  the  glass  maker  to  vary 
the  relation  of  the  refractive  powers,  and  a 
glass  with  a  low  refractive  power  can  have  a 
high  dispersion  and  vice  versa. 

It  is  largely  due  to  the  great  advance  in  glass 
making  in  recent  years  that  the  finest  products 
of  the  lens  manufacturer  are  possible.  Never- 
theless, some  lenses  of  the  highest  quality  are 
being  made,  composed  of  the  glasses  that  have 
been  available  for  many  years,  and  recent 
mathematical    work    has    shown    that  the 
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methods  of  employing  the  older  forms  of  glass 
are  not  yet  exhausted. 

The  manufacture  of  glass  dates  back  to  an 
early  period,  and  so  long  as  it  was  used  for 
everyday  articles  of  commerce,  such  as  for 
glazing  pictures,  windows,  making  glasses, 
vases  and  other  trinkets,  its  properties,  beyond 
its  colour,  were  of  little  importance ;  and  were 
consequently  not  studied.  The  glass  then  in 
use  was  what  is  commonly  known  as  crown 
glass  in  some  form  or  other,  with  or  without 
the  addition  of  colouring  matter  such  as  per- 
oxide of  iron  or  copper.  Its  density  or  refrac- 
tive index,  its  dispersion,  its  freedom  from 
strain,  striae,  etc.,  were  of  no  importance,  these 
properties  did  not  even  receive  names  till 
glass  was  beginning  to  be  used  as  a  medium 
for  the  transmission  of  light  and  the  formation 
of  images.  The  use  of  glass  in  this  connection 
dates  back  scarcely  a  century.  Early  in  the 
manufacture  of  lens  systems  a  second  type  of 
glass  having  a  greater  refraction  and  still 
greater  dispersion,  known  as  flint  glass,  was 
introduced  to  aid  in  the  corrections  that  were 
necessary  to  overcome  the  colour  errors  intro- 
duced by  dispersion.  This  glass  was  made  in 
various  forms,  from  light  to  heavy  flint,  and 
its  properties  were  fully  utilized  by  the  lens 
maker.  In  far  the  greater  majority  of  lenses 
in  use  to-day,  these  crown  and  flint  glasses  are 
the  sole  components.  As  the  demands  for 
more  perfect  instruments  increased  and  photo- 
graphers clamoured  for  greater  rapidity, 
greater  covering  power,  flatness,  definition, 
etc.,  necessitating  more  careful  corrections  in 
the  lens  system,  flint  and  crov/n  glass  would 
not  satisfy  the  requirements  of  the  necessary 
formulae,  for  a  greater  variation  in  dispersive 
power  as  compared  with  the  refractive  index 
was  required.  In  response  to  this  demand  the 
glass  works  of  Messrs.  Schott  &  Co.  introduced 
a  large  number  of  new  glasses,  called  Jena 
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glasses,  so  named  from  the  town  in  which  the 
works  are  situated. 

Subsequently  other  firms  both  in  England 
and  France  followed  on  similar  lines.  These 
new  glasses  with  their  new  properties  were 
obtained  by  the  addition  of  materials  hitherto 
unused  for  glass  making,  such  as  Boron, 
Aluminium,  Magnesium,  Phosphorus,  Anti- 
mony, and  some  astonishing  variations  in  the 
relative  dispersion  and  refraction  have  been 
produced. 

The  following  example  will  illustrate  the 
difference  between  two  glasses  of  different 
refractions. 


Figure  13. 

Two  lenses  having  exactly  the  same  radii  of 
curvature  (figure  13,  a  and  b),  if  made  of  the 
same  glass,  would  bring  the  rays  striking  them 
to  a  focus  at  the  same  distance  from  each 
respectively.  They  will,  however,  if  the  one 
is  made  of  glass  having  a  refractive  index  of  2 
and  the  other  of  1  -5,  bring  their  rays  to  a  focus 
at  3  inches  from  the  lens  in  the  case  of  the 
one  (figure  13b)  and  6  inches  in  the  case  of 
the  other  (figure  13a).  It  will  be  interesting 
to  carry  this  comparison  still  further. 


Figure  14. 


X' 


Figure  15. 

A        B  C 

In  figure  14,  let  A  be  a  negative  lens  made  oi 


See  page  75. 


PLATE  VII 


PLATE  VII 


Photograph  of  a  straight  line  chart,  taken 
with  an  R.R.  lens,  showing  no  distortion. 


Photograph  of  the  same  chart  taken 
with  a  single  view  lens,  showing  slight 
barrel-shaped  distortion. 


PLATE  IX. 


Photograph  of  the  same  chart  taken  with  a  i-inch  combination 
of  a  Beck-Steinheil  Orthostigmat  {single  lens)  showing  no  visible 
distortion. 


See  page  75. 


PLATE  X. 
Lincoln  Towers. 
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glass  with  a  high  refractive  index,  say  2,  as  in 
the  previous  case,  and  let  it  have  a  negative 
focus  of  3  inches  ;  let  B  be  a  positive  lens 
made  of  the  same  glass  of  a  focus  exactly 
similar,  namely,  3  inches.  In  order  to  have 
the  same  focus,  as  one  surface  of  each  of  the 
two  lenses  is  supposed  to  be  flat,  the  contact 
curve  will  be  of  the  same  radius  in  both  cases. 
If  these  two  lenses  are  placed  together  as  C, 
they  will  form  a  plate  of  glass  with  parallel 
sides,  and  the  rays  XX'  and  YY'  will  pass 
unaltered  through  it.  Hence  the  combined 
lens  system  has  no  focus. 

Now  in  figure  15,  let  A  be  identically  the  Combination 
same  in  shape  to  lens  A,  figure  14,  with  the  o^^wo 
same  curvature  as  before,  but  made  of  a  glass 
having  a  refractive  index  of  but  1'5,  its  focus 
will  be  lengthened  (see  previous  example)  to 
six  inches.  Let  B,  figure  15,  be  the  same  as 
B,  figure  14,  as  to  curvature,  which  is  the  same 
as  that  of  A,  and  let  it  be  made  of  the  same 
glass  as  before  having  a  focus  of  three  inches. 
Place  A  and  B  together  as  C,  and  it  will  be 
found  that  the  plane  sides  are  parallel  as 
before,  but  that  the  rays  XX'  YY',  instead  of 
emerging  parallel,  as  in  figure  14,  intersect  or 
come  to  a  focus  at  O.  This  resultant  focus 
of  the  pair  will  be  the  combination  of  a  six-inch 
negative  lens  and  a  three-inch  positive,  which 
gives  a  positive  lens  of  six  inch  focus.  The 
above  example  serves  to  illustrate  the  differ- 
ences in  the  character  of  lenses  which  result 
from  the  use  of  different  kinds  of  glasses.  In 
order  to  illustrate  the  point  a  somewhat 
extreme  case  has  been  taken.  Glass  with  so 
high  a  refractive  index  as  1-9  or  2  is  seldom 
used  ;  so  dense  a  glass  cannot  be  manufactured 
with  any  degree  of  certainty  in  such  a  way 
that  it  will  not  tarnish  on  prolonged  exposure 
to  the  air. 

Glasses  with  considerable  differences  in 
dispersive  power  may  now  be  obtained  having 
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approximately  the  same  refractive  power.  It 
has  been  pointed  out  that  a  single  lens  made 
of  one  kind  of  glass  does  not  bring  the  rays  of 
different  coloured  light  to  the  same  focus  and 
cannot  consequently  be  used  successfully  for 
photographic  work. 
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Figure  16. 

In  figure  16  let  A  and  B  be  two  lenses  superim- 
posed of  exactly  the  same  curvature  and  refrac- 
tive indices,  but  let  the  dispersive  power  of  A 
be  much  less  than  that  of  B.  It  will  be  found 
that  in  both  instances  the  different  coloured 
light  will  be  separated  and  the  foci  for  the 
different  colours  will  be  at  different  distances 
from  the  lens,  but  the  degree  of  separation 
will  be  less  in  the  case  of  A  than  in  the  case 
of  B.  This,  therefore,  illustrates  a  difference 
in  dispersive  power. 

How  these  two  properties  are  used  to  effect 
a  correction  for  colour  will  be  referred  to  and 
simply  illustrated  under  the  section  on 
"  corrections." 

The  means  whereby  new  glasses  have  been 
gradually  discovered  and  worked  out  has 
necessitated  great  expenditure  of  time  and 
money.  The  path  is  beset  with  difficulties. 
The  use  of  certain  components  require  that 
the  glass  be  not  heated  beyond  a  certain  very 
definite  point,  which  is  barely  sufficient  to 
allow  of  the  materials  being  thoroughly  mixed. 
If  it  is  heated  beyond  this  temperature  the 
very  constituents,  whose  presence  is  essential 
to  the  mixture  will  become  volatilized  and 
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escape  in  the  form  of  vapour.  Some  of  the 
most  useful  of  modern  glasses  cannot  be  kept 
heated  to  the  required  temperature  for  a 
sufficient  time  to  allow  the  bubbles  in  the 
"  metal  "  to  rise  to  the  surface  and  although  a 
perfectly  homogenous  glass  of  this  kind  can  be 
made,  the  presence  of  a  few  air  bubbles  is 
unavoidable. 

There  are  forms  of  glass  having  valuable 
properties  which  cannot  be  utilized  unless  the 
glasses  are  cemented  between  other  lenses, 
because  the  surfaces  are  subject  to  deteriora- 
tion consequent  upon  the  action  of  the  air.  It 
will  come  as  a  surprise  to  some  to  hear  that 
certain  kinds  of  glass  can  tarnish  or  rust 
almost  as  readily  as  iron,  but  so  it  is,  and  the 
optician  is  frequently  confronted  by  this  exas- 
perating consideration,  and  has  often  to 
discard  an  otherwise  suitable  kind  of  glass. 

There  are  certain  lenses  which  depend  for 
their  peculiar  optical  properties  upon  a  glass 
which  would  in  time  tarnish  if  long  exposed 
to  the  action  of  the  air,  but  such  a  glass  must 
be  cemented  between  two  other  lenses  insen- 
sible to  climatic  influence,  which  protect  it, 
rendering  it  stable  under  all  conditions. 

One  of  the  most  interesting  operations  of 
glass  making  for  optical  instruments  is  the 
annealing,  a  process  requiring  extended  time 
to  carry  out,  and  it  is  essential  that  this  be 
properly  done,  or  the  glass  is  useless  for  lens 
making.  If  a  molten  piece  of  glass  be  allowed 
to  cool  too  quickly,  the  surface  exposed  to  the 
air  will  harden  more  rapidly  than  the  rest,  and 
consequently  contract,  putting  pressure  on  the 
molten  mass  within.  The  result  of  this  will  be 
that  different  portions  of  the  glass  will  have 
different  densities,  and  consequently  different 
powers  of  refracting  light.  A  strain  will  be 
present  in  the  glass  invisible  upon  ordinary 
examination,  but  which  may  be  detected  by  a 
polariscope.    Any  strain  or  tension  will  give  to 
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it  a  crystalline  structure,  and  the  black  cross 
or  the  rings  and  brushes  noticeable  when 
examining  crystals  with  a  polariscope  will 
betray  any  lack  of  homogeneity  in  the  glass. 

The  method  adopted  to  prevent  the  unequal 
cooling  of  glass  is  termed  annealing.  It  is 
simply  slow  cooling,  carried  out  in  ovens  the 
temperature  of  which  is  gradually  allowed  to 
fall,  so  that  the  whole  mass  of  metal  becomes 
solid  at  the  same  time.  In  the  case  of  large 
discs  it  may  take  many  weeks  or  months  to 
successfully  accomplish. 

Transparency  and  lack  of  colour  are  import- 
ant qualities  of  optical  glass.  If  a  piece  of 
glass  be  even  slightly  coloured  it  will  mean 
that  some  of  the  light  has  been  stopped  or 
absorbed  in  passing  through  it,  the  emergent 
light  has  been  robbed  of  some  of  the  series 
which  go  to  make  up  the  perfect  ray  of  white 
light. 

Colour  may  be  an  inherent  defect,  or  may  be 
caused  by  deterioration  ;  if  the  former  be  the 
case,  the  manufacturer  of  the  lens  is  to  blame 
for  employing  it.  It  can  be  easily  detected  by 
laying  the  lens  on  a  piece  of  white  paper,when, 
as  the  light  has  to  pass  through  the  lens  twice 
on  its  way  to  the  eye,  any  colour  would  be 
readily  discerned.  Any  considerable  amount 
of  colour  noticeable  in  a  lens  is  a  certain  indi- 
cation that  it  is  absorbing  light,  and  that  it 
will  be  less  rapid  than  a  colourless  one  for 
photography.  Discoloration  by  time  should 
never  occur  in  the  best  lenses,  as  it  means 
that  unsuitable  glass  has  been  used  ;  neverthe- 
less, moisture  should  on  no  account  be  allowed 
to  settle  on  the  surface  of  a  lens,  and  touching 
the  surface  with  hot  fingers  should  be  avoided. 
Discoloration  of  the  surfaces  due  to  any  such 
reason  can  be  removed  by  repolishing. 

A  minor  defect  in  glass  is  the  presence  of 
small  bubbles ;  these  are  absolutely  unavoid- 
able in  certain  kinds  of  glasses  where  particular 
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optical  qualities  are  required.  The  subjoined 
cutting  from  a  circular  issued  by  the  glass 
makers  themselves,  puts  in  a  terse  way  the 
pro's  and  con's  of  this-defect. 

Important  Notice- 
Bubbles  IN  Photographic  Lenses.  " 

The  efforts  of  opticians,  during  the  last  few  years, 
to  improve  Lenses  in  their  higher  optical  character- 
istics, have  led  to  more  extended  use  of  glasses  in  the 
manufacture  of  Photographic  Objectives,  which  differ 
widely  in  their  optical  properties  and  chemical  com- 
position from  the  crown  and  flint  glass  hitherto 
employed.  Their  manufacture  is  attended,  to  some 
extent,  by  far  greater  technical  difficulties  than  are 
involved  in  the  production  of  the  optical  glass  formerly 
in  current  use.  In  the  manufacture  of  the  majority  of 
the  new  kinds  of  glass  which  have  taken  front  rank  in 
the  construction  of  improved  Photographic  Lenses, 
there  are  exceptional  difficulties  in  securing  perfect 
purity,  i.e.,  freedom  from  small  bubbles.  The  definite 
demands  which  have  to  be  met  to  obtain  relative  dis- 
persion and  refraction  differing  from  usual  conditions, 
impose  such  stringent  limitations  upon  the  chemical 
composition  of  the  glass  fluxes,  that  no  play  is  left  to 
the  manufacturer  technically  to  provide  suitable  con- 
ditions for  obtaining  perfect  purity.  In  consequence 
of  this,  it  is  practically  impossible  to  supply  these 
kinds  of  glass  in  uniform  pieces  free  from  a  few  small 
bubbles. 

We  would,  however,  point  out  that  the  presence  of 
these  small  air-bubbles,  even  under  most  unfavourable 
conditions,  does  not  occasion  a  loss  of  light  exceeding 
1/50  per  cent.,  and  their  influence  upon  the  optical 
efficiency  of  a  Lens  system  is  therefore  of  no  mxoment 
whatsoever. 

It  is  manifestly  unfair  to  require  that  the  manu- 
facturer should  reject  nine-tenths  of  the  glass  which  is 
made,  simply  because  it  shows  a  fault  that  is  of  abso- 
lutely no  importance  in  practice,  notwithstanding  the 
fact  that  he  is  able  to  satisfy  the  higher  demands  of 
the  optician  with  regara  to  all  the  really  important 
properties  the  glass  should  possess  for  the  functions  of 
the  lens. 

If  purchasers  make  the  usual  objection  that  a  lens 
is  "faulty  "  because  of  a  few  small  bubbles,  the  optician 
must  kindly  explain  that  Lenses  of  the  higher  class 
cannot  be  made  of  any  sort  of  crown  and  flint,  and 
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that  more  important  consideration  have  to  be  taken 
into  account  in  selecting  the  glass  than  the  absence  of 
a  few  small  bubbles. 

Glastechnisches  Laboratorium, 

SCHOTT  &  GeNOSSEN. 
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From  the  above  it  will  be  seen  that  no  notice 
need  be  taken  of  such  defects  m  a  high-class 
lens,  indeed  they  have  almost  come  to  be 
known  as  the  hall  mark  of  a  modern  anastig- 
mat.  The  bubbles  are  perfect  spheres  and 
reflect  all  the  light  back  again.  A  simple 
experiment  will  show  their  harmlessness.  If 
a  half-penny  be  placed  on  the  front  surface  of 
say  a  half-plate  lens  of  the  orthostigmat  type 
and  a  gas  jet  be  focussed  on  a  piece  of  white 
paper,  an  image  of  the  gas  jet  will  be  formed 
sufficiently  bright  to  be  clearly  visible,  now 
remove  the  half-penny  and  the  gas  jet  is  still  in 
focus,  but  is  much  more  brilliantly  illuminated. 

Chips  and  scratches  are  somewhat  unimpor- 
tant defects,  but  a  perfect  black  polish  on  every 
surface  is  essential  if  the  lens  is  to  be  worthy 
of  the  name ;  a  grey  surface  fills  the  camera  with 
useless  light  which  tends  to  destroy  the  crisp- 
ness  of  the  picture.  Striae  and  veins  in  glass 
are  serious  defects  which  should  never  exist 
in  a  good  lens,  they  point  to  imperfect  prepara- 
tion of  the  molten  glass,  it  is  not  homogenous 
and  must  on  no  account  be  used.  This  defect 
will  not  be  present  in  lenses  by  the  best  makers. 
Their  presence  is  readily  detected  when  well 
marked  before  the  lens  is  made,  but  the  finer 
varieties  are  impossible  to  discover  till  the  lens 
is  polished,  and  the  ruthless  destruction  of 
lenses  with  veins,  after  time  and  money  have 
been  expended  over  their  manufacture,  is  one 
of  the  most  exasperating  regular  experiences 
in  the  best  factories.  These  defects  are  fre- 
quently met  with  in  cheap  lenses  where  price 
makes  it  impossible  to  reject  the  bad  ones. 
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Manufacture. 

It  has  already  been  mentioned  that  the  sur-  Grinding, 
faces  of  photographic  lenses  are  spherical ; 
elliptical,  parabolic,  or  oval  surfaces  might 
perhaps  have  advantages  over  the  spherical, 
but  at  present  no  method  has  been  devised  by 
which  such  surfaces  can  be  accurately  made. 
This  will  be  the  more  readily  appreciated  when 
the  method  of  lens  grinding  is  described. 

To  grind  a  disc  of  glass  it  is  usual  to  employ 
some  material  harder  than  the  glass,  in  a 
powdered  form,  such  as  diamond  dust,  emery 
or  sand.  The  glass  is  rubbed  against  a  metal 
tool  or  mould  of  the  desired  shape  with  the 
emery,  sand  or  other  material  between  the 
surfaces.  In  this  way  the  glass  is  gradually 
made  to  assume  the  shape  of  the  tool.  That 
an  evenly  ground  surface  may  result,  the  move- 
ment of  the  lens  as  it  is  pressed  against  the 
tool,  must  be  irregular.  If  by  chance  the  glass 
be  held  stationary  when  the  tool  is  revolvmg 
in  the  lathe,  a  series  of  circular  grooves  would 
be  plowed,  leaving  a  corrugated  surface.  It  is 
necessary  to  give  to  the  glass  a  motion  like 
moving  a  ball  in  a  socket.  A  little  considera- 
tion will  show  that  the  cup  and  ball  motion  can 
only  be  accomplished  with  two  spherical 
surfaces,  ellipsoidal  surfaces,  for  instance,  can 
only  be  moved  on  their  common  axis,  if  they 
are  moved  in  any  other  sense,  they  cease  to 
remain  in  contact  all  over.  Glass  grinding 
tools  are  cup-shaped,  concave,  or  ball-shaped 
convex  metal  tools,  usually  fixed  to  a  glass  Shape  of  the 
grinding  lathe.  They  are  made  in  pairs,  the  used, 
one  concave  the  other  convex,  so  that  each 
pair  can  be  ground  together  to  keep  the  curve 
true,  and  for  every  different  curve  to  which  a 
lens  is  to  be  ground  a  special  pair  of  tools  must 
be  made.  In  order  to  construct  a  pair  of  such 
tools,  say  of  6  inch  curvature,  a  brass  gauge  is 
first  made  by  turning  in  a  lathe  a  disc  and  ring 
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Oi  brass  measuring  exactly  12  inches  across 
(or  6  inches  radius).  The  cup  and  ball  tools 
are  now  turned  to  fit  these  gauges  as  accurately 
as  is  possible  ;  after  this  they  are  ground 
together  with  emery  until  they  fit  one  another. 
They  are  now  spherical  curves  and  are  tested 
by  an  instrument  known  as  a  spherometer  which 
registers  the  curvature.  This  instrument 
measures,  by  means  of  a  micrometer  screw, 
how  far  the  ball-shaped  tool  projects  through 
a  ring  of  known  size.  If,  as  is  probable  on  the 
first  trial,  the  tool  is  not  absolutely  correct,  a 
little  is  turned  off  either  at  the  edge  or  the 
centre,  and  the  pair  are  ground  together  again 
and  tested  till  they  are  correct  to  the  curve 
required.  These  tools  are  used  for  rough 
grinding  and  are  not  quite  so  carefully  made  as 
those  required  for  the  later  delicate  operations 
of  fine  grinding  and  polishing,  where  the 
greatest  accuracy  attainable  is  necessary. 

This  consists  of  gradually  shaping  the  glass 
to  the  exact  contour  of  the  mould.  Coarse 
emery  is  first  used,  till  the  approximate  curve 
is  obtained,  then  finer  grades  in  connection 
with  the  more  accurate  tools  till  the  surface  is 
smoother  and  a  more  exact  fit  to  the  curve  of 
the  tool  is  obtained.  The  glass  itself  is,  during 
the  fine  grinding,  tested  with  a  spherometer 
and  the  necessary  changes  in  the  tools  made 
to  produce  the  curvature  required. 

The  method  of  grinding  as  explained  above 
seems  simple  enough,  but  an  experiment  will 
convince  the  curious  that  skill  is  required  to 
produce  a  true  surface.  The  motion  given  to 
the  glass  must  be  as  irregular  as  possible  or 
more  will  be  ground  from  one  part  than 
another.  For  spectacles  and  very  cheap 
quality  lens  work,  which  require  but  a  moderate 
degree  of  accuracy,  automatic  machines  can 
be  employed  in  which  the  motion  is  conveyed 
by  means  of  a  crank,  but  no  automatic  machine 
can  approach  the  requirements  -  necessary  to 
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produce  a  good  optical  surface.  All  the  best 
lenses,  whether  they  are  for  photographic,  tele- 
scopic, or  microscopic  work,  depend  on  highly 
skilled  labour  and  are  accordingly  expensive. 
A  particular  skill  of  touch  is  attained  by  the 
best  hands,  a  certain  grip  indicates  whether 
the  tool  during  grinding,  is  equally  in  contact  good 
over  its  whole  area,  and  tells  how  the  surface  is  workers 
progressing.  If  the  curves  are  very  convex 
conipared  with  the  diameter,  the  lenses  are 
ground  singly;  if  the  curves  are  shallow  a 
number  may  be  worked  together  in  a  block. 
Such  lenses  as  spectacles  whose  curvature  is 
usually  slight  are  made  in  large  blocks  of 
perhaps  50  or  100  at  a  time,  but  with  most  of  ^^^^^ 
the  lenses  used  for  photography,  more  highly 
curved  surfaces  are  essential,  and  they  are 
ground  one  at  a  time  or  in  small  blocks. 

Polishing. 

When  the  lens  is  ready  for  polishing  its  sur- 
faces have  been  rendered  so  smooth  that  they 
are  semi-transparent.  The  process  of  polish- 
ing is  similar  to  that  of  grinding,  except  that 
polishing  powders,  such  as  rouge  and  putty 
powder,  are  used  instead  of  emery,  and  that 
the  mould  is  covered  with  a  thin  layer  of  fine 
cloth  or  wax.  The  motion  is  the  same,  and  is 
continued  until  gradually  all  the  marks  of  the 
grinding  are  removed  and  a  lustrous  black 
polish  is  obtained. 

An  incomplete  polish  is  technically  known 
as  a  grey  surface,  and  the  better  the  polishing 
the  less  the  loss  of  light  by  reflection.  This  is 
of  some  importance,  as  an  imperfect  polish 
will  scatter  the  light  into  the  camera  to  the 
detriment  of  the  picture. 


Polishing 
powders. 


Grey  sur- 
face. 


Figuring. 

It  might  now  be  supposed  that  the  lens  was 
finished,  and  if  it  were  to  be  used  for  a 
spectacle  lens  or  cheap  opera  glass  this  would 
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be  the  case,  but  the  surface  is  far  from  being 
sufficiently  accurate  for  the  best   class  of 
instrument.     The  necessity  for  the  utmost 
perfection  will  be  better  understood  when  it  is 
remembered  that  the  individual  components 
of  a  photographic  lens  are  usually  of  almost 
equal  and  opposite  kinds  (concave  and  convex) 
cemented  together,  and  that  they  are  powerful 
lenses  which  almost  neutralize  one  another, 
leaving  only  a  small  outstanding  power,  so  that 
an  error  in  a  single  surface  when  compared 
with  the  total  power  of  the  lens  would  be 
apparent.    This  method  of  balancing  convex 
and  concave  lenses  against  each  other  is  the 
only  plan  that  can  be  employed  to  effect  the 
required   corrections.      Strange    as   it  may 
appear,  a  polished  surface  is  often  an  undu- 
lating curve,  the  irregularities  of  which  may 
not  be  more  than  a  1/1 00,000th  of  an  inch,  but 
these  irregularities  must  be  removed.  No 
mechanical  measuring  appliance  will  discover 
such  slight  errors,  but  optical  means  depend- 
ent for  their  action  on  the  interference  of  light 
enable  them  to  be  readily  detected.    To  give 
some  notion  of  the  accuracy  required  it  should 
be  explained  that  a  lens  must  be  allowed  to 
cool  before  being  examined.    If  one  portion  of 
the  glass  happens  to  be  slightly  hotter  than 
the  other  the  unequal  expansion  is  sufficient 
to  alter  the  curve  so  much  that  the  errors  to 
be  removed  would  be  comparatively  insignifi- 
cant, compared  with  the  new  error  produced 
by  the  inequality  of  the  temperature.  This 
is  by  no  means  an  exaggeration,  the  cooling 
being  a  regular  workshop  practice.  An  extreme 
case  that  came  within  the  writer's  knowledge 
was  where  a  large  lens  was  allowed  to  cool  for 
days  before  it  could  be  tested  with  certainty. 
For  a  small  lens  from  ten  to  twenty  minutes 
is  usually  sufficient. 

The  irregularities  are  removed  by  the 
tedious  process  of  figuring,  which  is  a  system 
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of  local  polishing  with  pitch  polishers  on 
specially  constructed  machines.  When  all 
this  is  considered  it  will  be  understood  wherein 
lies  the  difference  between  simple  commercial 
lenses  and  first-class  optical  instruments,  and 
the  large  difference  in  price  between  them. 

Centring. 

A  modern  lens  is  generally  made  up  of  a 
number  of  component  parts  cemented  together 
in  groups.  The  Beck-Steinheil  Orthostigmat 
consists  of  6  lenses  thus  joined  in  two  triple 
combinations.  One  of  the  most  important 
features  of  such  a  construction  is  that  the 
centres  of  all  the  curves  must  be  exactly  on  a 
straight  line,  in  other  words,  that  the  lens 
must  be  centred.  To  accomplish  this  all 
lenses  are  ground  and  polished  to  a  size  a 
little  larger  than  will  be  required  when  finished; 
they  are  centred  on  a  lathe  until  the  images 
reflected  from  their  surfaces  are  quite  station- 
ary while  being  revolved.  The  edges  are  then  E^gj^g 
carefully  trimmed  with  a  diamond  to  the  exact  and 
size  required  to  fit  the  cell  that  has  been  centring, 
prepared.  The  component  lenses  of  the  com- 
bination are  now  cemented  together,  finally 
tested  and,  if  centred  accurately,  are  placed  in 
their  cells.  As  the  finest  performance  of  a 
lens  depends  on  the  mathematical  exactness 
with  which  the  light  passes  through  the  relative 
portions  of  its  curved  surfaces,  the  least  dis- 
placement of  any  one  of  the  curves  would 
destroy  the  efficiency  of  the  design.  The 
utmost  care,  therefore,  must  be  used  in  cent- 
ring the  lenses  to  ensure  the  curves  fulfilling 
their  proper  functions. 

Mounting. 

Without  referring  at  length  to  the  ordinary 
process  of  brass  turning,  mention  may  be  made 
of  a  few  points  connected  with  lens  mounting 
The  cells  and  mounting  of  a  lens  must  be 
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absolutely  true  in  every  respect;  this,  of 
course,  only  requires  first-class  workmanship. 
The  mount  must  be  so  designed  that  none  of 
the  image-forming  rays  are  stopped  by  any 
portion,  either  when  entering  or  emerging  from 
the  lens.  Good  instruments  are  almost  without 
exception  correctly  made,  but  a  shutter  placed 
between  the  combinations  of  alens,  or  behind 
or  in  front  of  it,  unless  carefully  arranged,  will 
frequently  cut  off  some  of  the  oblique  light, 
thus  causing  unequal  illumination. 

Separation  of  the  Lenses. 

The  distance  apart  at  which  the  lenses  of  a 
doublet  are  fixed  in  the  mount  is  of  as  great 
importance  as  the  centring;  every  individual 
lens  of  first  grade  must  be  separately  adjusted 
in  this  respect.  It  is  not  sufficient  to  fix  them 
to  a  standard  distance,  as  the  least  variation 
in  thickness,  of  the  individual  combinations, 
calls  for  a  special  adjustment  inthisrespect.  In 
some  of  the  latest  types  of  lenses,  this  separation 
is  so  slightthat  the  smallest  sizes  do  not  admit  of 
being  mounted  in  a  diaphragm  shutter.  For 
example,  the  Beck-Steinheil  Orthostigmat  lens 
used  in  the  No.  8  Folding  Frena  is  mounted  in 
a  special  shutter  having  a  wheel  diaphragm  in 
place  of  the  ordinary  iris,  and  this  merely  that 
the  separation  should  not  be  a  fraction  more 
than  the  correct  distance.  An  interesting 
point  in  connection  with  the  mounting  of  photo- 
graphic lenses,  and  one  which  is  not  realized 
except  by  those  who  are  continually  working 
with  glass,  is  that  this  seemingly  hard  and 
brittle  substance  is  very  elastic. 

For  this  reason  a  lens  must  not  be  held  too 
firmly  in  its  cell,  or  it  will  be  twisted  out  of 
shape  and  the  quality  of  its  performance  be 
impaired.  The  finest  lenses  may  be  rendered 
quite  worthless  unless  proper  care  is  bestowed 
upon  this  point;  on  the  other  hand,  they  must 
be  held  accurately  in  position,  there  must  be 
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no  shake,  or  the  centring  of  the  system  is 
gone.  It  is  not  uncommon  in  very  cheap 
lenses  to  see  the  most  inadequate  provision 
made  for  fixing  them  in  their  mounts,  such  as 
a  split  ring  merely  pushed  into  the  cell,  a  con- 
trivance which  would  not  withstand  a  smart 
jolt  or  shake. 

Before  the  lens  is  placed  in  the  hands  of  the 
public  it  must  pass  through  a  most  rigid  series 
of  tests.  During  the  various  processes  of 
manufacture,  unexpected  errors  may  creep  in 
which  it  has  been  impossible  to  foresee,  and 
although  much  greater  certainty  has  now  been 
attained  in  the  modern  methods  of  manufac- 
ture, it  is  necessary  that  each  individual  lens 
be  carefully  tested. 

The  methods  employed  are  described  later 
(Appendix  11.),  but  it  must  be  remembered  that 
physical  defects,  such  as  striae,  necessitate  the 
destruction  of  that  component  of  the  lens  in 
which  it  appears. 
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Brief  Summary  of  the  Chief  Points  in 
Section  II. 

Practically  all  lenses  are  made  of  glass  in  some  form  or  other. 

Glass  possesses  5  distinct  properties  of  great  importance — 

(1)  Refracting  power  (refractive  index). 

(2)  Dispersive  power  (in  relation  to  colour). 

(3)  Stability  under  varying  atmospheric  conditions. 

(4)  Colour  of  the  glass. 

(5)  Physical  defects. 

Refractive  power  is  the  quality  which  glass  possesses  of 
bending  light  passing  from  a  dense  medium  into  a  less 
dense,  and  vice  versa. 

Dispersive  power  is  the  quality  which  glass  has  of  breaking 
light  up  into  its  primary  colours. 

Refractive  and  dispersive  powers  vary  independently  in 
different  kinds  of  glass. 

Refractive  and  dispersive  powers  are  affected  by  the  com- 
position of  the  glass. 

The  physical  defects  must  be  avoided,  as  with  the  exception 
of  "bubbles"  they  damage  the  quality  of  a  lens.  They  are 
Striae,  Strain,  Scratches,  Chips,  etc. 

The  presence  of  colour  means  the  loss  of  light. 

The  loss  of  light  means  the  loss  of  rapidity. 

The  presence  of  bubbles  is  of  no  importance. 

The  processes  of  manufacture  are — 

Grinding,  Polishing,  Figuring,  Centring,  Mounting, 
Testing. 

All  these  processes  must  be  most  skilfully  carried  out  to 
produce  the  best  work. 
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SECTION  III. 


CORRECTIONS. 


That  a  simple  lens  does  not  fulfil  all  the 
requirements  of  the  photographer  has  been 
already  stated.  That  its  defects  can  be  cured 
wholly  or  in  part  has  also  been  suggested,  and 
it  is  the  purpose  of  this  chapter  to  explain  in 
as  simple  a  manner  as  possible  the  various 
errors  and  the  extent  to  which  they  may  be 
corrected,  together  with  some  information 
which  may  assist  in  avoiding  those  which  can- 
not be  entirely  eliminated. 

The  careful  perusal  of  these  pages  will  assist 
the  reader  in  comprehending  the  later  sections 
concerning  the  advantages  and  disadvantages 
of  different  types  of  lenses.  It  will  enable  him 
to  realize  the  principles  upon  which  a  lens 
should  be  chosen  for  any  particular  purpose, 
and  what  types  approximate  most  nearly  to 
the  ideal  lens. 

The  aim  of  any  optical  system  used  in  photo- 
graphy is  to  faithfully  reproduce  in  the  picture 
every  point  in  the  object. 

Of  all  uncorrected  systems  there  is  only  one 
that  completely  fulfils  this  condition,  viz.,  the 
plane  mirror.  A  point  to  point  similarity 
between  object  and  image  is  only  accurately 
obtained  by  reflection  from  a  plane  surface. 
Since  this  reflection  can  produce  no  image, 
but  can  only  change  the  position  of  one  already 
existing,  it  hardly  concerns  the  photographer. 
In  order  to  produce  an  image  it  is  necessary 
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to  do  more  than  merely  reflect  the  light  by  a 
flat  mirror.    The  light  must  be  bent,  and  it  is 
in  the  process  of  bending  or  refracting  the 
light  that  difficulties  arise,  often  calling  for 
complex  systems  of  lenses  to  overcome  them. 
The  problem  of  constructing  any  instrument 
is  dependent  upon  the  purpose  to  which  it  is 
to  be  put.    Image  formation  by  a  photographic 
lens  may  require  that  a  large  angle  of  view 
shall  be  included  in  the  picture  ;  in  a  micro- 
scope objective  and  in  the  telescope,  compara- 
tively small  angles  are  dealt  with  ;  again  with 
eyepieces  and  magnifying  glasses,  the  angular 
breadth  of  the  pencil  may  be  sacrificed  to 
include  as  large  an  angle  of  view  as  possible. 
When  a  photographic  lens  is  to  be  used  for 
enlarging  it  trespasses  on  the   microscope ; 
when  used  for  telephotography  it  is  bordering 
on  the  domain  of  the  telescope,  and  the  design 
of  a  lens  must  be  varied  accordingly.  The 
extent   of   the   field   of   view,    the  rapidity 
and  the  quality  of  definition  govern  the  con- 
struction, and  in  the  various  types  of  lenses 
these  considerations  have  to  be  taken  into 
account.   So  in  the  portrait  lens  great  rapidity 
and  limited  angle  of  view  are  desirable,  and  in 
the  wide-angle  lens,  less  rapidity  but  greater 
angle.    A  photographic  lens  is  always  a  com- 
promise, and  it  is  the  object  of  the  optician  to 
combine  as  many  properties  as  possible  in 
one  lens. 

An  example  of  the  diversity  of  power 
between  two  lenses  is  illustrated  by  the  follow- 
ing comparison.  Both  lenses  are  excellent,  of 
their  particular  class,  but  the  absurdity  of 
attempting  to  use  one  for  the  work  of  the 
other  is  evident. 

(1)  A  Portrait  lens  6  in.  focus  covers  a 

circle  2^  in.  in  diameter  at  f/4. 

(2)  A  W.A.R.  lens  6  in.  focus  covers  a 

circle  10  in.  in  diameter  at  f/16. 
The  various  corrections  necessary  in  lenses 
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will  be  taken  in  the  following 
explained  as  briefly  as  possible  : — 


order  and 


(direct  and 


(1)  Chromatic  aberration. 

(2)  Spherical  aberration 

oblique). 

(3)  Astigmatism  (radial  and  tangential). 

(4)  Curvature  of  the  focal  surface. 

(5)  Distortion. 

All  defects  of  photographic  lenses  excepting 
distortion  may  be  reduced  by  stopping  down 
the  aperture,  that  is,  by  using  the  iris  dia- 
phragm, and  therefore  a  rapid  lens  must  be 
the  most  carefully  corrected ;  it  is  in  these 
lenses  that  defects  are  most  marked.  A  lens 
that  will  do  good  work  at  f/16  may  be  useless 
at  f/8. 

(1)   Chromatic  Aberration. 

Chromatic  aberration  is  an  error  or  defect 
caused  by  the  inability  of  a  lens  to  converge 
a  ray  of  white  light  coming  from  an  illuminated 
point  to  a  similar  pomt  of  white  light  in  the 
image. 

Reference  was  made  in  Section  11.  to  the 
property  possessed  by  glass,  of  breaking  up  a 
ray  of  white  light  into  its  component  parts, 
and  by  a  lens  of  focussing  the  different  colours 
to  different  points  (figure  17). 


Effect  of 

stopping 

down. 


Definition. 


Figure  17. 


This  power  of  dispersion  varies  in  different 
kinds  of  glass.  Two  lenses,  A  and  B  (figure 
18),  the  one  negative  the  other  positive,  m.ay 
be  selected  so  that  A  is  composed  of  glass 
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having  double  the  dispersive  power  of  B.  The 
lens  A  will,  therefore,  displace  the  colours 
double  as  much  as  the  lens  B,  and  need  in 
consequence  be  but  half  the  power  of  the 
other  lens  in  order  that  it  may  correct  the 
errors.  It  follows,  therefore,  that  a  lens  A  of 
12  in.  negative  focus  will  correct  a  lens  B  of 
6  in.  positive  focus.  When  the  two  lenses  are 
put  together  the  combined  lens  C  (figure  18) 
will  still  have  a  positive  focus  of  about  12  in. 
The  combined  lens  C  is  not  as  powerful  as  the 
original  positive  B,  but  it  will  still  have  con- 
siderable power,  and  it  is  so  corrected  that 
the  image  of  any  point  of  white  light  in  the 
object  will  be  represented  by  a  similar  point  of 
white  light  in  the  picture  plane. 


This  indicates  the  means  taken  to  correct 
chromatic  aberration,  but  as  a  matter  of  fact 
no  lens  made  of  two  kinds  of  glass  only,  can  be 
corrected  for  all  colours  in  the  spectrum.  A 
double  lens  can  be  designed  to  unite  the  yellow 
and  violet  rays  in  one  focal  point,  but  in  this 
case  the  red  and  green  rays  will  only  be 
partially  corrected.  This  is  due  to  the  fact 
that  few  glasses  are  yet  available  that  have 
proportional  dispersive  power. 

In  the  simpler  forms  of  photographic  lenses 
such  as  the  single  achromatic  meniscus,  the 
usual  method  is  to  correct  for  those  rays  which 
are  chemically  most  active  (figure  19),  so  that 
when  the  ground  glass  is  adjusted  to  receive 
upon  it  the  image  sharpest  to  the  eye,  it  will, 
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on  being  replaced  by  the  photographic  plate,  Correction 

receive  those  rays  which  are  to  form  the  image 

on  the  sensitive  surface,  also  at  their  sharpest  ^^^^^ 

point.    Where  more  than  two  kinds  of  glass 

are  used,  it  is  possible  to  correct  for  more 

than  two  colours  or  lines  in  the  spectrum, 
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Figure  19. 


which  in  some  special  branches  of  work  is 
desirable.  If  the  image  of  a  point  produced 
by  such  a  lens  (two  kinds  of  glass)  be  examined 
with  a  spectroscope,  an  appearance  as  shown 


in  figure  20  will  be  observed  ;  if  the  lens  were 
perfectly  corrected  the  image  would  appear  as 
a  straight  line,  the  point  of  light  being  merely  ^f'l^^^-^^t''^ 
expanded  into  a  line  of  spectrum  colours.   But  viewed  by  a 
if  the  lens  be  only  partially  ^achromatized  for  spectro- 
two  colours  in  the  spectrum,  these  colours  only  scope, 
will  form  part  of  a  line,  the  others  being  more 
or  less  expanded. 

In  figure  21  the  same  is  shown  through  an 
instrument  such  as  the  Beck-Steinheil  Ortho- 
stigmat,  where  the  lens  is  corrected  for  three 


The  appearance  has  been  exaggerated  to  more  clearly  illustrate  the 
phenomenon. 
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colours  in  the  spectrum  and  approximates  to  a 

perfect    correction    throughout    the  whole 

length.    This  is  indicative  of  the  highest  type 

of  an  achromatized  lens. 

It  will  be  seen  at  a  glance  that  if  a  lens  of 

this  type  be  used  for  three-colour  work  there 

will  be  no  need  to  readjust  the  screen  between 

each  operation  for  the  different  colours. 

Descriptive  The  difficulty  in  correcting  for  more  than 
plate. 

AC  D       E    F  G  H 


Figure  22. 


E'  F' 


two  points  in  the  spectrum  is  due  to  the  fact 
that  the  relative  dispersion  of  the  two  glasses 
for  the  various  parts  of  the  spectrum  differs. 
The  total  dispersion  of  one  glass  may  be  double 
Variation  of  that  of  another,  and  lenses  made  from  these 
relative  glasses  may  be  so  arranged  that  the  extreme 
dispersion.  colours  of  the  spectrum  are  corrected,  but  the 
intermediate  colours  will  not  be  so  unless  the 
partial  dispersions  at  every  part  of  the  spectrum 
are  also  double.  This  so-called  "irrationality" 
of  the  dispersion  exists  in  most  glass,  and  a 
strictly  perfect  colour  correction  is  impossible 
with  two  lenses,  although  it  is  sufficiently 
accurate  for  most  purposes.  In  figure  22,  if 
A  C  D  F  G  H  be  taken  as  being  the  chief  lines 
in  the  spectrum,  when  a  ray  of  white  light  is 
passed  through  a  prism  of  one  kind  of  glass, 
and  A'  C  D',  etc.,  be  those  of  a  ray  passed 
through  a  different  kind  of  glass,  it  will  be 
seen  that  the  total  dispersion  for  the  lines  A 
and  H  is  the  same  in  both  cases,  whereas  in 
any  intermediate  position  they  are  different. 
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Consequently  if  a  lens  is  constructed  of  these 
two  kinds  of  glass,  and  the  coloured  light 
represented  by  the  lines  A  and  H  are  accu- 
rately corrected,  the  other  colours  will  be 
slightly  uncorrected. 

The  correction  for  chronnatic  aberration  for 
central  rays  is  not  the  only  colour  correction 
necessary,  as  when  this  error  is  eliminated  the 
marginal  portions  of  the  field  might  be  fringed 
with  colour  owing  to  differences  in  the  sizes  of 
the  images  produced  by  the  different  coloured 
light.  As  the  correction  for  this  is  purely  a 
matter  of  calculation,  it  need  not  be  more 
than  mentioned. 

The  definition  of  the  term  chromatic  aberra- 
tion almost  explains  the  direction  in  which  it 
will  make  itself  evident  in  the  production  of  a 
photograph.  If  the  lens  in  use  is  of  some  non- 
achromatic  type  and  the  view  is  focussed  on 
the  ground  glass,  the  more  brilliantly  defined 
portions  of  the  subject,  such  as  a  tree  standing 
a-^.ainst  a  light  background,  or  the  edge  of 
a  building  v/ith  the  sky  behind,  will  be  used 
for  focussing,  and  the  rays  producing  this 
image  will  be  essentially  those  affecting  the 
eye  most  vividly,  such  as  the  yellow.  The 
photographic  plate  is  now  placed  in  this 
plane  and  an  exposure  made  in  the  ordinary 
way.  As  is  well  known,  the  rays  that  affect 
the  plate  and  cause  the  changes  in  the  silver 
salts  of  the  emulsion  are  the  dark  green, 
blue  and  violet  rays.  Now,  under  the  assump- 
tion that  the  lens  is  non-achromatic,  the  rays 
affecting  the  plate  will  not  be  brought  to  the 
same  focus  as  those  that  were  used  in  focus- 
sing, consequently  the  resultant  picture  will  be 
out  of  focus  and  blurred.  Hence  if  the  lens 
be  non-achromatic,  however  carefully  the 
focussing  is  done,  a  sharp  image  will  not  result. 

A  lens  of  this  type  is  said  to  have  a  chemical 
focus.  There  are  methods,  however,  of  over- 
coming this  disadvantage  to  a  limited  extent. 


Result  of 
using  two 
lenses  of 
different 
relative 
dispersions. 


The  effect 
produced  by 
the  presence 
of  chromatic 
aberration. 


Effect  of  the 
colour  error 
on  the 
photograph. 


Chemical 
focus. 
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Method  of  (1)  Actual  calculation  can  be  made  and  the 
avoiding  the  different  focal  lengths  for  the  various  colours 
calculation.  ^®  found,  the  distance  between  the  violet 

and  yellow  rays  being  noted.  After  the  picture 
has  been  focussed  by  the  eye,  the  screen  can 
be  racked  forward  the  required  amount,  a 
distance  frequently  equal  to  as  much  as  a  J  of 
an  inch.  This  method  was  regularly  adopted 
in  the  early  days  of  lens  making,  when  the 
possibility  of  effecting  different  corrections 
3y  was  less  perfectly  understood, 

experiment.  (2)  By  experiment.  First  focus  the  object 
carefully,  and  then  move  the  screen  forwards 
a  certain  amount  (which  carefully  note)  and 
expose  a  portion  only  of  the  plate  ;  repeat  this 
four  times,  each  time  moving  the  screen 
slightly  forward  and  exposing  a  fresh  portion 
of  the  plate,  and  after  development  one 
section  will  be  found  to  be  better  defined  than 
the  remainder.  Now  ascertain  what  was  the 
position  of  the  screen  when  this  section  was 
exposed,  and  by  moving  it  to  this  position  in 
future  sharp  pictures  can  be  assured. 

It  will  be  noticed  above  that  the  screen  is 
moved  forwards,  this  is  because  in  a  non- 
achromatic  lens  as  illustrated  (figure  17),  the 
violet  rays  have  a  shorter  focus  than  the  yellow. 

(3)  Place  in  front  of  the  lens  a  blue  glass 
of  about  the  density  of  the  blue-violet  end  of 
By  means  of  the  spectrum,  then  focus  the  picture,  when, 
a  blue  glass,  because  all  but  the  blue  rays  are  excluded,  the 
focus  of  those  rays  will  be  given  and  not  the 
yellow.  If  the  exposure  is  now  made,  having 
removed  the  screen,  a  picture  that  is  sharp  will 
be  the  result.  The  objection  to  this  method  is 
that,  excluding  the  most  visually  active  rays, 
only  a  dim  picture  remains  to  focus  by. 

If  the  lens  has  been  found  to  be  non-achro- 
matic, its  general  usefulness  can  be  increased 
by  stopping  down.  This  allows  the  plate  to  be 
placed  slightly  out  of  focus  without  ruining 
the  definition. 
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In  lenses  which  are  approximately  achro- 
matic the  correction  is  occasionally  carried 
too  far,  and  the  focus  of  the  violet  rays  has 
been  so  lengthened  that  they  come  to  a  focus 
further  from  the  lens  than  the  yellow  ones. 
Such  lenses  as  these  are  over  corrected  for 
colour,  but  are  seldom  met  with. 

The  effect  of  using  an  uncorrected  lens  can 
be  gathered  from  plates  Il/'^and  III/''  Plate 
II.  is  a  photograph  of  a  chart  made  up  of  the 
various  prominent  colours  in  the  spectrum 
taken  with  the  lens  focussed  for  the  black  lines 
on  right  of  centre,  no  adjustment  being  made 
for  the  violet  rays.  In  plate  III.  an  adjust- 
ment was  made,  and  the  plate  was  set  in  the 
best  possible  position  at  the  chemical  focus  of 
the  lens.  The  difference  between  the  two 
results  is  clearly  shown  by  the  two  plates. 
Further  points  to  be  noticed  are  that  in  plate 
II.  the  sharpest  lines  are  those  between  A  and 
D,  which  were  either  yellow  or  red,  and  the 
worst  are  the  violet.  The  photographically 
useful  are  bad  and  the  photographically  use- 
less are  good.  In  plate  111.  the  worst  are  the 
red  ones.  These  results  are  what  might  be 
expected  (see  pages  29-30). 

In  a  general  way,  when  non-achromatic 
lenses  are  sold  they  are  supplied  either  in  box 
cameras  or  in  focussing  ones  with  scales,  and 
no  focussing  upon  a  ground  glass  is  possible. 
In  these  cases  the  makers  adjust  the  scales  to 
the  chemical  focus,  and  the  best  results  of 
which  they  are  capable  are  obtained.  A  large 
aperture  cannot  be  used  with  such  a  lens,  as 
the  definition  is  only  good  provided  a  nioderate 
stop  is  used.  The  possessor  of  one  of  these  in- 
struments may  be  misled  if  he  places  a  ground 
glass  in  the  camera  and  imagines  from  his 
experimental  trials  that  the  scale  is  incorrect. 


Effect  of 
over- 
correction. 


Example  of 
the  effect  of 
using  an 
uncorrected 
lens. 


Effect  of 
adjusting  the 
plate  to  the 
chemical 
focus. 


Alteration 
of  scales 
necessitated 
by  the  use  of 
these  lenses. 


'Without  an  exception  the  lenses  used  to  illustrate  this  book  are 
existing  types  now  being  sold,  and  are  not  specially  made  to  exaggerate 
defects. 
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This  correction  has  been  treated  of  at  some 
length,  and  referred  to — first,  because  it  was 
early  recognised  as  being  of  great  importance, 
and  the  construction  of  high-class  optical 
i-nstruments  dates  from  the  time  v/hen  the 
way  to  correct  for  this  error  was  discovered. 
Newton,  in  dealing  with  telescopes,  considered 
achromatization  impossible  ;  but  Dollond, 
early  in  the  19th  century,  discovered  the  solu- 
tion of  the  difficulty,  and  produced  an 
achromatic  telescope  objective.  This  objective 
in  itself  is  not  suitable  for  photographic  pur- 
poses as  it  only  includes  angles  of  2  or  3 
degrees,  whereas  in  photography  angles  up  to 
100°  may  be  required  ;  nevertheless,  it  demon- 
strated the  method  by  which  the  achromatic 
correction  could  be  made,  and  gave  an  immedi- 
ate impetus  to  instrument  making,  which  led 
to  the  invention  of  the  Achromatic  Microscope 
and  numerous  types  of  Photographic  Lenses. 
Any  lens  that  is  non-achromatic  may  be  con- 
sidered as  being  at  the  very  bottom  of  the 
scale  ;  it  is  useless  for  rapid  work  or  copying 
pictures,  paintings,  etc.,  and  is  only  worthy  of 
attention  on  account  of  its  extremely  low 
price.  The  ordinary  spectacle  lens  is  a  typical 
example  of  this  class,  and  may  be  recom- 
mended to  the  notice  of  those  searching  for 
those  unreal,  fuzzy  reproductions  admired  by 
some  of  the  modern  schools  of  art." 

A  lens  of  the  spectacle  type  possesses  other 
errors,  in  fact,  most  other  errors,  to  a  greater 
or  lesser  degree.  The  double  meniscus  non- 
achromatic  lens  is  partially  corrected,  but  in 
general  a  lens  that  is  not  corrected  for  achro- 
matism is  not  corrected  for  anything  else. 

Spherical  Aberration. 

Spherical  aberration  is  due  to  the  use  of 
spherical  surfaces,  which  are  the  only  form 
that  can  be  accurately  ground. 
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It  may  be  described  as  the  inability  of  a  lens  Definition. 

to  convey  the  marginal  (not  oblique)  rays  to  a 
point  at  the  same  distance  from  the  lens  as 
the  central  rays. 

To  put  the  case  in  another  way,  the  rays 
passing  through  the  edge  of  an  uncorrected 
lens  do  not  focus  to  the  same  point  as  those 
passing  through  the  centre  (see  figure  23). 
The  term  is  usually  confined  to  direct  rays, 
to  the  light  which  forms  the  centre  of  the 
picture  and  not  to  the  margin.  When  oblique 
rays  are  considered  the  error  is  known  as 
coma  or  zonal  aberration. 


Description 
of 

aberration. 


Figure  23. 

If  figure  23  be  examined,  this  aberration  will 
be  more  readily  understood.  A  B  represents 
a  lens  receiving  a  beam  of  light  from  some 
distant  luminous  source.  The  central  cone  of 
rays  is  brought  to  a  focus  at  03,  the  next  series 
of  rays  outside  th3  centre  are  brought  to  a 
focus  at  02,  and  the  marginal  still  nearer  the 
lens  at  0 ;  from  this  it  is  obvious  that  the  lens 
has  no  absolute  focus,  anywhere  between  0 
and  03  might  be  taken  as  the  focus  according 
to  the  particular  rays  considered.  If  this 
phenomenon  be  examined  by  placing  the 
focussing  screen  at  different  positions  along 
the  axis,  the  effect  caused  by  the  error  may 
be  observed.  Suppose  that  the  screen  be 
placed  in  the  plane  of  02,  it  will  be  noticed  that 
there  is  a  central,  bright  and  luminous  point 
surrounded  by  a  gradually  fading  circle  of 
light,  the  latter  due  to  the  marginal  rays ; 


Appearance 
caused  by 
presence  of 
spherical 
aberration. 
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Circle  of 
least 

confusion. 


Appearance 
of  a  point 
with  the 
screen  at 
different 
positions. 


when  the  screen  is  moved  to  01  and  examined, 
a  smaller  and  more  evenly  illuminated  circle 
will  appear,  in  which  the  centre  and  edges  are 
the  faintest.  When  the  screen  reaches  X  the 
circle  of  illumination  will  be  the  smallest  size 
attainable  with  the  lens  under  consideration, 
the  circle  at  this  point  is  called  the  circle  of 
least  confusion  ;  this  would  be  the  most  satis- 
factory position  at  which  to  place  the  screen 
for  photography.  It  is  the  position  where  the 
image  of  a  point  is  as  nearly  a  point  in  the 
picture  as  the  lens  can  produce. 

Now  move  the  screen  to  O,  the  focus  of  the 
marginal  rays ;  the  circle  will  have  again 
increased  in  size  with  a  bright  centre  and  a 
bright  margin.  The  appearances  are  dia- 
grammatically  represented  in  figure  24. 


Figure  24. 


Positive  and 
negative 
spherical 
error. 


It  is  scarcely  necessary  to  explain  that  if  a 
lens  produces  a  picture  of  a  point  as  a  circle  it 
cannot  give  a  brilliant  image.  Every  object  is 
a  large  number  of  separate  points  whose 
images,  if  consisting  of  circles,  will  overlap  one 
another  and  produce  an  indistinct  and  blurred 
picture. 

There  are  two  kinds  of  spherical  aberration, 
known  as  positive  and  negative.  It  is  by  the 
combination  of  these  two  kinds  in  different 
lenses  that  a  correction  is  made.  The  amount 
of  spherical  aberration  present  in  a  lens  is 
governed  by  its  form  or  shape,  and  it  is  quite 
possible  to  construct  lenses  of  the  same  power, 
but  of  different  forms. 
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Considering  parallel  rays,  it  may  be  taken  as 
a  rough  guide  that  for  piano  or  double  convex 
or  concave''  lenses  of  the  same  focus,  the 
greater  the  curvature  facing  the  parallel  rays 
the  less  the  spherical  aberration. 


Figure  25. 
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In  figure  25  are  given  some  numerical 
examples  of  the  amount  of  aberration  present 
in  certain  forms  of  positive  and  negative  lenses. 
Nos.  1  and  3  represent  the  same  lens  turned 
round,  and  the  difference  in  the  error  is  very 
marked. 

No  single  lens  with  flat  or  spherical  surfaces 
is  free  from  this  aberration  ;  it  cannot,  there-  Method  of 
fore,  give  a  sharp  image  unless  stopped  down  correcting 
so  that  its  centre  only  is  used.  aberration 

The  method  of  correction  for  spherical 
aberration  consists  of  combining  two  or  more 
lenses,  so  that  the  negative  error  of  the  one 
may  correct  the  positive  error  of  the  other. 
Chromatic  aberration,  it  will  be  remembered, 
was  corrected  in  a  similar  manner,  namely,  by 
balancing  two  or  more  lenses  with  equal  and 
opposite  errors.  To  effectually  correct  for  the 
chromatic  error  it  is  only  necessary  to  make 
the  lenses  with  certain  definite  relative  foci, 
proportionate  to  their  dispersion. 

A  lens  can  be  made  of  a  definite  focus  in 
many  different  shapes,  so  that  it  is  possible  to 
take  two  lenses,  of  the  necessary  foci  to 
correct  the  colour,  and  to  make  them  of  the 
required  shapes  to  correct  for  the  outstanding 
spherical  aberration.  Thus  in  one  pair  of  lenses 


*This  does  not  apply  to  meniscus  lenses. 
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both  these  errors  may  be  corrected,  because  the 
colour  correction  depends  upon  their  foci  and 
the  spherical  aberration  on  their  shapes. 

When  using  the  two  kinds  of  glass  most  m 
vogue,  flint  and  crown,  the  shape  commonly 


Figure  26. 


Figure  27. 


Two  types 
of  single 
lenses. 


employed  for  telescope  objectives  (figure  26) 
gives,  when  its  convex  side  is  turned  towards, 
the  light,  sharp  images  over  a  small  field, 
because  it  is  corrected  for  spherical  and 
chromatic  aberration.  If  it  is  reversed  it  gives 
an  image  less  well  defined,  but  over  a  larger 
area.  This  latter  property  is  required  in  a 
photographic  lens.  Figure  27  is  a  meniscus 
lens  with  its  concave  side  turned  towards  the 
light,  and  this  gives  better  definition  over  a 
larger  field  than  the  lens  figure  26. 

Figure  27  is  a  type  of  a  cheap  single  lens 
largely  used  in  hand  cameras,  but  as  the 
spherical  aberration  is  not  so  well  corrected  as 
figure  26,  it  only  allows  of  the  use  of  small 
apertures,  but  nevertheless  gives  excellent 
results. 

A  rapid  rectilinear  lens  consists  of  a  pair  of 
meniscus  lenses  placed  at  some  distance  apart 
with  their  concave  surfaces  facing  one  another. 

The  principle  of  the  correction  for  spherical 
aberration  has  only  been  lightly  touched  upon, 
and  the  shapes  figured  must  not  be  regarded 
as  the  only  ones  at  the  disposal  of  the  optician. 
Many  different  curves  may  be  used,  the  shape 
of  the  lenses  depending  upon  the  optical  pro- 
perties of  the  glass  chosen. 
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The  effect  of  the  error  when  present  in  a 
photographic  lens 

It  was  seen  in  figure  23  that  there  was  no 
position  in  which  the  focussing  screen  could 
be  placed,  where  the  image  of  the  luminous 
point  was  represented  by  a  sharp  dot.  What 
constitutes  a  sharp  dot  may  be  taken  to  be  a 
circle  which,  when  viewing  the  picture  at  a 
convenient  distance,  does  not  subtend  to^  the 
eye  an  angle  of  more  than  one  minute.    Thus,  ^  standard 
a  dot  1-100  of  an  inch  in  diameter  in  a  quarter-  of  sharpness, 
plate  print  might  be  considered  as  a  point,  and 
a  lens  that  will  reproduce  a  luminous  point  as 
a  dot  not  more  than    1-100    of   an  inch  in 
diameter  may  be  said  to  yield  a  sharp  picture. 
Lenses  that  are  only  capable  of  the  above  will 
not  produce  pictures  that  will  bear  minute 
scrutiny  or  much  enlargement,  they  cannot  be 
used  for  the  finest  work  or  for  photographing 
the  most  delicate  detail,  though  they  will  pro- 
duce satisfactory  photographs  of  a  landscape 
or  general  view.    In  the  ordinary  way  a  photo- 
grapher will  expect  his  negatives  to  bear  a 
magnification  of  3  diameters  without  breaking 
up ;    to  allow   of   this,    spherical  aberration 
should  be  reduced  to  a  limit,  where  the  circle 
of  least  confusion  is  not  more  than  1-200  of  an 
inch  in  diameter. 

The  original  from  which  plate  IV.  is  made  is 
free  from  this  error  to  at  least  this  extent, 
showing  what  can  be  obtained  with  a  good 
single  achromatic  lens."  Plates  IV.  and  V.  are 
two  results  of  the  same  subject  obtained  with 
two  lenses  of  this  type  under  identically  similar 
conditions,  indicating  the  difference  caused  by 
bad  calculation  or  workmanship.  The  inferi-  Usclessncss 
ority  of  a  single  spectacle  lens  will  be  observedc      ^  single 

-ri  •    •    1      ^  1     1    ^    ^1  i?      1       -1  uncorrected 

This  IS  largely  due  to  the  presence  ot  spherical  i^ns. 
aberration  which  cannot  be  corrected  in  one 


*  A  single  achromatic  lens,  sometimes  wrongly  termed  a  single  lens, 
consists  of  two  or  three  lenses  cemented  together,  and  must  not  be  con- 
fused with  a  single  lens  which  consists  of  only  one  glass. 
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lens.  There  are  cameras  possessing  such 
lenses  on  the  market,  and  they  should  be 
regarded  purely  in  the  light  of  toys. 

Spherical  aberration  can  always  be  reduced 
by  the  introduction  of  a  small  stop  which  cuts 
out  the  rays  that  are  responsible  for  this  error. 
A  very  small  amount  of  spherical  aberration 
may  be  an  actual  boon  to  the  photographer 
under  certain  circumstances,  but  this  is 
discussed  under  Depth  of  Definition," 
Section  IV. 

Astigmatism. 

Astigmatism  is  an  error  which  only  exists  in 
the  bundles  of  rays  passing  obliquely  through 
a  photographic  lens.  It  is  the  effect  caused 
by  a  lens  converging  the  oblique  light  to  two 
focal  lines  instead  of  to  a  single  point. 
Spherical  aberration  is  concerned  with  the 
central  area  of  the  field  while  astigmatism 
affects  the  marginal  definition.  Spherical 
aberration  of  the  oblique  rays  may  also  exist, 
but  it  is  of  less  importance.  It  may  be  investi- 
gated in  mathematical  treatises  under  the 
titles  of  coma  and  zonal  aberration.  Astig- 
matism, as  referred  to  in  connection  with 
photographic  lenses,  should  be  kept  distinct 
from  the  same  word  used  in  reference  to  the 
eye.  In  this  latter  case  the  term  astigmatism 
is  applied  to  the  property  possessed  by  cylin- 
drical lenses  of  bringing  the  rays  emanating 
from  a  bright  object  to  a  focal  line  in  distinc- 
tion to  a  focal  point.  It  is  a  property  taken 
advantage  of  when  correcting  errors  in  the 
shape  of  the  human  eye,  and  does  not  concern 
the  present  subject. 

Where  astigmatism  is  present  in  a  lens  the 
oblique  rays,  instead  of  converging  to  and 
passing  through  a  focal  point,  pass  through 
two  focal  lines  at  right  angles  to  one  another. 
The  distance  between  these  two  lines  is  the 
measure  of  the  degree  of  astigmatism.  The 
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nearest  approach  to  a  point  is  at  a  position 
between   these   two   lines  where   a  section 
through  the  rays  is  nearly  circular;   this  is 
called  the  ''circle  of   least  confusion,"  and  circle  of 
may,  if  the  outstanding  error  be  small  or  the  least 
rays  not  very  oblique,  be  sufficiently  minute  confusion, 
to  be  considered  a  point.      When  it  is  so, 
the  lens  may  be  regarded  as  being  corrected 
for  astigmatism,  and  as  being  orthostigmatic 
or  anastigmatic. 


Figure  28  is  the  usual  diagrammatic  repre- 
sentation of  astigmatism,  is  the  first  focal 
line  and  F-  the  second,  while  midway  between, 
lies  the  circle  of  least  confusion  0.  In  the 
diagram  a  square  bundle  of  light  has  been 
taken  to  more  clearly  illustrate  the  error,  and 
strictly  speaking,  this  would  give  a  square  of 
least  confusion — square  bundles  of  light  are 
not  met  with  in  practice.  If  all  the  circles  of 
least  confusion  were  on  a  plane  at  right  angles 
to  the  axis  (i.e.,  where  the  plate  would  naturally 
be  placed),  it  might  be  possible  to  obtain  a  ^l^^fcaiVe 
fairly  sharp  image.  In  most  lenses  they  lie  presentation 
on  a  surface  curved  towards  the  lens,  and  of 
when  this  is  so  it  is  clearly  impossible  to  place  astigmatism, 
the  plate  in  a  position  to  receive  even  a  rela- 
tively sharp  image  over  the  whole  plate.  It  is 
the  lens  maker's  object,  when  dealing  with 
this  error,  to  effect  a  correction  which,  if  it 
does  not  actually  combine  the  two  focal  lines 
in  a  focal  point,  is  so  arranged  that  the  circles 
of  least  confusion  are  as  small  as  possible  and 
fall  on  a  flat  or  approximately  flat  plane;  and 


Figure  28. 
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Correcting 
for  astigmat- 
ism at  the 
same  time  as 
other  errors. 


Appearances 
caused  by 
astigmatism. 


this  over  as  large  an  area  as  possible.  In  the 
amount  of  success  attendant  on  these  efforts, 
lies  the  difference  in  lenses  with  respect  to 
this  correction. 

The  correction  for  astigmatism  is  made  by 
the  arrangement  of  the  curves  and  thickne'sses 
of  the  component  lenses.  It  can  be  made 
without  damaging  the  corrections  for  spherical 
aberration  and  achromatism,  but  a  lens  fully 
corrected  for  these  three  errors  will  almost 
always  consist  of  three  component  lenses.  If 
the  properties  of  glass  could  be  still  further 
increased  in  the  differences  between  their 
refraction  and  dispersion,  it  might  be  possible 
to  construct  a  lens  consisting  of  a  cemented 
pair  only,  which  should  be  free  from  these 
three  errors. 

The  effect  of  astigmatism  in  the  photo- 
graphic lens : — There  are  few  photographic 
lenses  on  the  market  in  which  some  trace  of 
this  error  cannot  be  found,  provided  they  are 
sufficiently  carefully  tested  at  full  aperture  at 
the  margin  of  the  field.  In  the  best  ortho- 
stigmats  or  anastigmats  the  error  is,  however, 
infinitesimal. 

The  practical  result  produced  by  astigmatism 
in  a  picture  is  a  lack  of  sharpness  at  the  edge, 
but  this  is  accompanied  by  a  curious  appear- 
ance. Instead  of  the  rays  being  brought  to  a 
focal  point  they  are  brought  to  two  focal  lines 
(see  figure  28)  at  right  angles  to  each  other. 
A  consequence  of  this  will  be  that  pictures  of 
vertical  lines  will  be  brought  to  a  sharp  focus 
at  one  of  the  focal  lines,  and  pictures  of 
horizontal  ones  at  the  other.  Suppose  the 
screen  of  the  camera  to  be  placed  in  the 
position  of  the  first  focal  line,  now  place  a 
cross  in  the  position  previously  occupied  by 
the  luminous  point.  All  points  in  it  will  be 
represented  by  vertical  lines  (really  very 
attenuated  ellipses),  and  the  result  will  be  as 
figure  30a,  the  vertical  line  being  approximately 
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See  pages  112. 


PLATE  XVII. 


PLATE  XVIII. 


Centre  of  the  field  of  a  20-inch  R.R. 
Lens,  showing  slightly  thickened  corners  at 
the  crossings  of  the  lines  (magnified  twice 
to  increase  error). 


Centre  of  the  field  of^  a  7-inch  R.R. 
Lens  showing  critical  definition  {magnified 
twice). 


PLATE  XIX. 


An  uncemented  Beck-Steinheil  Orthostigmat,  showing  its  six  components. 


See  page  163. 


PLATE    XX.— A  Portrait. 
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sharp  and  the  horizontal  line  broad  and 
blurred  ;  the  vertical  one  will  be  slightly  longer 
than  it  should  be  and  slightly  shaded  off 
towards  the  ends.    Now  adjust  the  screen  so 


Figure  29. 


Figure  30a. 


Figure  30b. 


Figure  30c. 


that  it  is  in  the  position  of  the  second  focal 
line,  that  is  at  right  angles  to  the  first,  and 
the  cross  will  now  be  represented  as  shown 
in  figure  30b,  having  its  vertical  member 
blurred  and  its  horizontal  one  sharp.  None  of 
them  are  accurate  representations  of  the 
original  cross  (figure  29),  and  give  only  an 
imperfect  picture. 

The  circle  of  least  confusion  lies  between 
the  two  points,  and  if  the  screen  be  placed  in 
this  position  figure  30c  will  result.  This  is  the 
compromise  most  usually  accepted  where 
astigmatism  cannot  be  entirely  removed,  as  it 
gives  the  truest  picture  the  lens  is  capable  of 
producing.  The  two  focal  lines  are  called  the 
"  radial  and  tangential  "  focal  lines,  one  being 
radial  to  the  axis  of  the  lens,  and  the  other  at 
right  angles,  or  at  a  tangent  to  the  surface  of 
the  lens. 

The  plane  containing  the  circles  of  least 
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Figure  31. 


confusion,  0  (figure  31),  in  most  lenses  curves 
c 


Circle  of 
least 

confusion. 
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inwards.  Hence  if  F  and  are  the  two  focal 
lines  and  P  the  plate,  the  probability  is  that 
FS  the  focal  line  furthest  away  fronn  the  lens, 
will  fall  on  or  near  the  plate.  If  astigmatism 
IS  markedly  present,  as  illustrated,  it  will  be 
noticeable  in  the  lines  pointing  towards  the 
centre  of  the  field,  these  having  a  blurred 
appearance.  In  a  landscape,  trees  at  the  edge 
of  the  field  will  have  their  trunks  about  as 
sharp  as  those  in  the  centre,  while  their 
branches  will  not  be  so. 

In  architectural  work  where  straight  lines 
abound,  astigmatism  is  a  serious  drawback 
when  it  is  present  to  any  considerable  extent, 
and  it  is  impossible  to  get  both  horizontal  and 
vertical  lines  sharp  at  the  same  time.  In  the 
simpler  forms  of  lenses  astigmatism  com- 
mences to  show  near  the  centre  of  the  picture, 
the  radial  and  tangential  focal  lines  begin  to 
separate  rapidly,  and  continue  to  become  more 
widely  divided  as  their  distance  from  the  axis 
increases,  and  large  apertures  cannot  be 
successfully  used. 

Figure  106  (Section  V.)  is  a  diagrammatic 
section  of  the  field  of  a  good  single  lens  with 
an  aperture  of  f  / 1 1 . 

Figure  110  (Section  V.)  shows  the  field  of  a 
good  R.R.  lens  at  f/8.  In  this  case  the  separation 
is  less  rapid,  and  does  not  begin  till  it  is  some 
15  degrees  from  the  axis. 

In  figures  114  and  115  (Section  V.)  is  shown 
the  field  of  the  Beck-Steinheil  Orthostigmat, 
taken  from  actual  measurements  of  a  No.  3  lens 
4f  inches  focus  at  full  aperture  f/6-3,  in  which 
the  two  focal  lines  are  in  union  for  the  greater 
portion  of  60  degrees,  and  then  separate  but 
slowly  to  70  degrees  and  more  rapidly  beyond 
TKe  this.    As  compared  with  the  previous  types,  its 

mmimum  of    dpeat  covering  power  is  obvious.  It  is  an  example 

2tStiP'ITi2ltlSIl\       o  o  i  1 

of  the  pomt  to  which  this  correction  has  been 
brought  by  design  and  skilful  workmanship ; 
if  this  lens  is  used  on  the  plate  for  which  it  is 
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listed  no  astigmatism  will  be  present  even 
at  f/6v3. 

To  further  illustrate  these  points  plate  VI. 
may  be  referred  to.  A,  B  and  C  are  from 
photographs  taken  with  three  of  the  most 
widely  used  anastigmats  of  the  day,  of  the 
same  test ;  C  is  with  the  Beck-Steinheil  Ortho- 
stigmat.  These  tests  are  as  nearly  fair  as 
possible,  the  lenses  being  of  approximately  the 
same  focus  and  the  aperture  being  the  same 
in  both  cases,  namely,  f^G'S.  The  freedom 
from  astigmatism  is  particularly  noticeable,  in 
fact,  astigmatism  may  be  considered  as  being 
perfectly  corrected.  Plate  VI.  also  shows 
that  it  is  not  till  the  marginal  portions  are 
highly  magnified  that  this  error  is  apparent. 

To  sum  up,  astigmatism  is  an  error  or  defect 
which  may  ruin  the  covering  power  of  a  lens, 
it  is  absolutely  prohibitive  to  successful  results 
in  certain  branches  of  work,  notably  in  archi- 
tecture, copying  and  enlarging,  unless  small 
stops  are  used.  It  is  present  in  all  the  cheaper 
forms  of  lenses,  and  prevents  their  use  on  large 
plates  with  large  apertures. 


Practical 
tests  for 
astigmatism. 


Curvature  of  Field. 

Curvature  of  field  is  the  error  caused  by  the  p^fj^j^j^^ 
focal    plane    being    curved    instead    of  flat. 


Figure  32. 


Suppose  A  (figure  32)  be  a  photographic  lens 
possessing  this  error,  D  being  its  diaphragm 
or  stop,  O  the  object  plane  and  FF'  the  image 
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Figure  33. 


plane,  or  the  position  where  the  focal  points 
furvafu'^c^^  He,  and  HH'  be  a  plane  at  right  angles  to  the 
of  field.  ^  axis.  It  will  be  seen  that  the  marginal  rays 
from  the  edges  of  the  object  are  brought  to  a 
sharp  focus  at  F  and  F',  while  the  central  rays 
are  brought  to  a  focus  at  B.  The  curve  FF' 
will  represent  the  surface  on  which  the  images 
of  all  the  points  in  the  object  are  situate  ;  if 


F'lilxre  34. 


Different 
appearances 
of  a  test 
object. 


this  be  viewed  for  a  moment  as  a  solid,  it  will 
take  the  shape  of  a  saucer  (figure  34). 

The  effect  of  a  curved  field  : — Although  the 
experiment  has  been  tried,  it  has  been  found 
that  a  photographic  plate  of  a  saucer  shape  is 
impractible,  and  it  is  obvious  that  a  flat  plate 
can  be  put  nowhere  on  the  right-hand  side  of 
the  lens  A  (figure  32),  so  as  to  receive  all  the 
points  lying  in  FF'. 

If  the  object  under  consideration  be  a  series 
of  concentric  circles  (figure  33)  and  the  plate 
or  screen  be  so  placed  as  to  cut  FF'  at  B,  the 
appearance  of  the  object  would  be  as  figure  35, 
the  only  sharp  portion  being  the  central  area, 
the  definition  of  the  image  becoming  worse  as 
the  centre  was  receded  from.  If  the  screen, 
however,  be  placed  to  cut  the  saucer  in  FF', 
the  appearance  would  be  as  figure  36  when 
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F.rfure  35. 


Figure  36. 


Figure  37. 


the  external  ring  is  sharp,  the  definition 
becoming  worse  towards  the  centre.  The 
position  at  which  the  best  average  definition 
would  be  procured  would  be  niidway  between 
these  two  positions,  as  indicated  by  the  dotted 
lines  in  figure  32,  and  the  appearance  would 
be  as  figure  37,  where  the  outer  circle  was 
poor,  the  middle  good,  and  the  inner  again 
poor,  but  none  extremely  bad.  It  is  possible 
to  have  a  curvature  of  field  that  is  just  the 
reverse  of  that  which  has  been  discussed  ;  it 
has  been,  so  to  speak,  over-corrected,  and  the 
field  is  convex  towards  the  lens  instead  of 
concave. 

The  explanation  that  has  been  given  is  not 
quite  so  simple  as  one  would  be  led  to  suppose, 
because  it  has  been  assumed  that  the  lens  was 
free  from  astigmatism.  When  this  is  present 
there  is  not  just  one  plane  at  FF'  (figure  32)  ; 
where  the  light  is  brought  to  a  focus  there  are 
three  planes,  one  of  which  is  the  position 
where  the  horizontal  lines  come  to  a  focus,  a 
second  where  the  vertical  lines  are  depicted, 
and  a  third  intermediate  between  these  two, 
where  the  circles  of  least  confusion  lie.  In 
dealing  with  curvature  of  field  it  is  customary 
to  refer  to  this  last  curve  as  if  it  were  the 
focal  plane. 

To  overcome  this  error  when  present  in 
photographic  lenses  : — It  is  an  easy  matter  for 
the  photographer  to  determine  whether  it  is 
present  to  any  disagreeable  extent.    If  a  sheet 
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Test  for 
astigmatism. 


A  use  for 
curvature. 


of  printed  matter  be  focussed  with  the  full 
aperture  of  a  lens  so  that  the  centre  of  the 
field  is  sharp,  and  then  the  edge  be  focussed 
the  alteration  made  will  represent  the  amount 
of  curvature  present  and  the  direction  of  the 
movement  will  indicate  whether  the  curvature 
is  saucer-shaped  or  the  reverse.  The  simplest 
manner  of  correcting  the  error  is  by  using  a 
small  stop,  but  a  badly  adjusted  lens  may  be 
sometimes  improved  if  the  separation  of  the 
combinations  is  slightly  altered,  particularly 
if  the  lens  suffers  from  a  want  of  flatness 
of  field  while  the  marginal  definition  is  still 
good.  If  the  subject  will  not  allow  of  the  lens 
being  stopped  down,  the  best  average  position 
for  the  ground  glass  must  be  found,  and  the 
exposure  made  under  these  conditions. 


Figure  38  shows  a  street  scene  in  which  the 
curvature  of  field  being  saucer-shaped,  as  it 
usually  is,  can  be  made  of  distinct  advantage. 
The  houses  on  the  right  and  the  figure  on  the 
left  being  nearer  to  the  camera  than  the 
houses  in  the  centre  of  the  plate,  come  to  a 
focus  which  is  longer  than  that  of  the  central 
portion  of  the  view  ;  the  curvature  of  the  field 
only  enhances  the  effect  of  the  whole  by 
throwing  up  the  figure  in  the  foreground.  It 
will  always  well  repay  a  photographer  to 
ascertain  the  amount  and  direction  of  curva- 
ture.   For  copying,  enlarging  and  definite  flat 
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field  work  an  absence  of  the  error  is  essential, 
and  the  best  modern  lenses,  such  as  the  ortho- 
stigmat,  have  an  almost  perfectly  flat  field 
(see  figures  1 14  and  1 15,  Section  V).  A  useful 
rule  may  be  here  given  :  always  focus  for  a 
point  to  the  right  or  left  of  the  centre  equiva- 
lent to  about  J  the  length  of  the  plate.  This 
will  give  the  best  average  focus  where  curva- 
ture of  the  field  is  present. 


Distortion. 

Distortion  in  a  photograph  is  due  to  three  principal 
causes,  of  which  one  only  is  due  to  the  lens.  The 
other  two,  viz.,  exaggerated  perspective  and  the  falling 
together  of  vertical  lines  are  treated  of  later. 

This  distortion  is  its  inability  to  reproduce  Definition 
the  straight  lines  in  the  object  as  straight  lines 
in  the  picture. 

It  is  a  very  objectionable  form  of  error  if 
the  lens  is  used  for  either  architectural  or  line 
work.      An  image  which  is  completely  free 
from  distortion  is  sometimes  called  "  ortho-  Nomcn- 
scopic,"  or  true  as  regards  perspective,  and  a  ^laturc  of 
lens  that  will  produce  such  an  image  over  the  {ing'lenscs' 
whole  field  for  which  it  is  employed  is  com- 
monly known  as  a  rectilinear  lens. 

In  a  pmhole  no  distortion  occurs,  as  the 
light  travels  in  unbroken  straight  lines  from 
object  to  image.  In  a  lens,  however,  the  prin- 
cipal rays  suffer  a  deviation  in  their  course 
while  passing  through  it,  and  care  must  be 
taken  that  the  alteration  in  their  direction 
takes  place  upon  a  definite  principle,  if  a  non- 
distorted  image  is  to  be  realized. 

All  single  lenses,  whether  simple  or  compound,  with 
the  diaphragm  in  front  or  behind  the  system  possess 
distortion  to  some  degree. 

A  simple  diagram  will  help  to  explain  the 
cause  of  the  defect.    Let  A  (figure  39)  be  a 
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simple  lens  and  BC  its  diaphragm  aperture 
placed  in  front  of  and  at  some  distance  from 


Diagram- 
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of  curvature. 


Figure  39. 


its  surface.     Let   a   small   bundle   of  light 
coming  from  a  distant  object  pass  through  the 
aperture  of  the  diaphragm  B  C  and  fall  on  the 
lens,  whence  it  is  refracted  to  a  focus  at  O. 
Let  XN-N'Y  be  parallel  lines  drawn  through 
the  nodal  points"  of  incidence  and  emergence 
of  the  lens  system.    Let  Y  be  the  point  on  the 
picture  plane  OY,  where  the  line  N'Y  intersects. 
This  point  Y  is  the  true  position  for  the  rays 
to  arrive  if  no  distortion  were  present.  But 
it  is  known  that  a  simple  lens  (bi-convex) 
refracts  the  marginal  rays  more  strongly  than 
the  central  ones.    And  as  a  stop  in  front  of 
the  lens  makes  the  oblique  rays  pass  through 
the  margin  instead  of  the  centre  of  the  lens, 
the  image,  instead  of  lying  at  Y,  is  found  to 
lie  inside  this  at  O,  a  distance  OY  from  its  true 
position,  and  the  picture  will,  therefore,  be 
curved  in  towards  the  centre. 
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Figure  40. 
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If  this  be  tried  experimentally  with  a  test 
image  of  the  kind  indicated  in  figure  40a,  a  result 
similar  to  40b  will  be  obtained.    If,  however. 


See  Appendix  I.  on  Gauss  Planes. 
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the  diaphragm  be  placed  on  the  reverse  side 
of  the  Tens,  namely,  between  it  and  the  image, 
an  appearance  like  40c  will  result.  These 
two  types  of  distortion  found  in  single  lenses 
are  known  as  "  barrel  '  and  pin-cushion  " 
distortion.  It  will  be  found  that  the  further 
the  diaphragm  is  away  from  the  lens  the 
better  will  be  the  definition,  but  the  more 
marked  the  distortion,  vv^hile  the  nearer  it  is 
brought  to  the  lens  the  less  will  be  the  distor- 
tion and  also  the  poorer  the  definition. 

The  reason  for  this  is  simple.  If  the  dia- 
phragm be  placed  on  the  surface  of  the  lens 
the  distortion  will  be  eliminated,  because  the 
former  marginal  rays  will  pass  through  the 
nodal  points  or,  in  a  thin  lens,  the  centre,  and 
a  true  representation  of  the  object  would 
result.  The  central  rays  pass  through  the 
same  portion  of  the  lens  as  the  oblique,  but 
when  the  diaphragm  is  at  a  distance  from  the 
lens,  as  in  figure  39,  the  oblique  rays  pass 
through  one  portion  of  the  lens  and  the  direct 
or  central  rays  through  another.  One  of  the 
most  commonly  employed  means  of  reducing 
this  error  is  to  alter  the  position  of  the  diaph- 
ragm, but  the  advantage  gained  will  probably 
be  at  the  expense  of  the  marginal  definition. 
However,  it  may  be  found  that  the  diaphragm 
is  not  in  the  best  position,  and  a  slight  alteraticn 
may  have  a  beneficial  effect.  Single  lenses  are 
usually  turned  out  in  large  numbers  at  a  price 
that  precludes  the-  possibility  of  much  indivi- 
dual adjustment,  and  the  possessor  of  such 
may  find  his  time  well  repaid  by  examining 
the  position  of  the  diaphragm. 

The  class  of  lens  known  as  the  rectilinear, 
anastigmatic  (orthostigmatic),  symmetrical, 
etc.,  are  entirely  free  from  distortion  when 
made  by  good  makers.  The  method  employed 
for  correcting  distortion  in  these  cases  is  to 
combine  two  similar  but  opposite  errors.  It 
has   already   been    pointed  out   that  if  the 
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diaphragm  is  placed  in  front  of  the  lens,  nega- 
tive distortion  results,  while  if  behind  it  is 
positive. 

In  figure  41,  let  A  and  B  be  two  similar 
lenses,  and  D  the  diaphragm  midway  between 
them.  If  B  were  removed,  the  image  of  a 
square  (a,  figure  42)  would  be  reproduced  with 
a  certain  definite  amount  of  distortion  of  a 
positive  or  barrel  kind  (b,  figure  42),  while  if  A 
were  removed  there  would  be  an  exactly 
similar  amount  of  negative  or  pin-cushion  dis- 
tortion (c,  figure  42).  As  it  is,  however,  the  pin- 
cushion distortion  due  to  B  and  its  diaphragm 
D,  is  exactly  obliterated  by  the  barrel  distor- 


Figure  41, 


f 

\  

 1 

b. 

Fi&ure  42. 


tion  due  to  A  and  its  diaphragm  D  (figure  42c). 
As  the  distance  between  the  diaphragm  D 
and  A  and  B  is  the  same  in  both  cases,  the 
distortion  is  equal  and  opposite  (dotted  lines, 
figure  42c). 

If  B  (figure  43)  is  a  shorter  focus  lens  than 

A         D  B 


Figure  43. 


A,  the  diaphragm  would  have  to-be  nearer  B 
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than  A  to  effect  this  correction,  and  this 
position  bears  a  definite  and  relative  ratio  to 
the  foci  of  A  and  B.  It  has  been  found  in 
actual  practice  that  the  barrel  is  the  least 
objectionable  form  of  distortion,  and  single 
lenses  are  mounted  with  their  diaphragms  in 
front  of  the  lens,  although  the  question  of 
distortion  is  not  the  only  one  that  makes  this 
advisable.  When  a  single  combination  of  such 
a  lens  as  the  Beck-Steinheil  Convertible  Ortho- 
stigmat  is  used  alone  it  should  always  be 
placed  behind  the  iris  diaphragm. 

The  effect  of  distortion  : — Distortion  caused 
by  the  lens  does  not  exist  in  the  centre  of  the 
picture,  it  is  purely  an  error  of  the  oblique 
rays  ;  nevertheless  it  may,  in  bad  cases,  com- 
mence to  be  apparent  in  lines  not  far  from  the 
centre,  and  stopping  down  the  lens  will  not 
improve  matters. 

It  is  present  in  all  lenses  of  the  single  type, 
and  in  certain  forms  of  portrait  and  telephoto 
lenses. 

Plate  VI 1.  is  a  photograph  taken  with  a 
rectilinear  lens  showing  no  distortion,  while 
plate  VIII.  is  one  taken  with  a  good  example 
of  a  single  lens.  It  will  be  noticed  that  the 
distortion  is  only  slightly  marked,  although 
the  chart  was  placed  so  as  to  include  the  edges 
of  the  field. 

Plate  X.  is  a  photograph  taken  with  a  single 
combination  of  the  Beck-Steinheil  Orthostig- 
mat  of  20  inches  focus  on  a  12x10  plate  and 
reduced  for  reproduction,  to  the  size  shown  ; 
on  examination  it  is  hard  to  detect  any  trace 
of  distortion.  Such  a  photograph  shows  that 
the  single  lens,  if  carefully  constructed,  is  so 
good  that  it  can  be  used  for  architectural  or 
line  work,  provided  a  long  focus  is  chosen. 
In  the  photograph  in  question,  plate  X.,  the 
centre  only  of  a  large  field  36  inch  in  diameter 
was  used.  The  diaphragm  was  only  an  inch 
away  from  the  lens,  whereas  in  an  ordinary 
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single  lens  of  that  focus  it  would  have  been 
some  3  or  4  inches  distant.  The  loss  of 
definition  due  to  the  proximity  of  the  dia- 
phragm was  made  up  for  by  stopping  down. 

For  landscape  work  and  ordinary  genre 
studies  a  certain  amount  of  distortion  is  not  a 
serious  drawback,  as  a  slight  bending  of  trees 
at  the  edge  of  the  plate  or  a  defective  horizon 
does  not  appear  false  to  nature.  When  distor- 
tion of  a  disagreeable  kind  is  present  it  can  be 
eliminated  by  enlarging,  if  the  lens  with  which 
the  picture  was  taken  be  used  as  the  enlarging 
lens.  The  side  of  the  lens  which  pointed  to 
the  view  must  point  to  the  enlargement,  and 
the  error  will  be  corrected. 

Flare  and  Flare  Spot. 

Flare  and  flare  spot  can  hardly  be  classified 
under  the  some  heading  as  the  foregoing 
errors.  They  have  no  reference  to  the  forma- 
tion of  the  primary  image.  A  lens  may  be 
badly  corrected  for  all  aberrations  and  yet  be 
almost  entirely  free  from  flare,  while  on  the 
other  hand  a  perfectly  corrected  one  may 
possess  the  worst  kind. 

Flare  or  flare  spot  is  caused  by  the  trans- 
Definition,     mission  of  light  through  the  lens  which  does 
not  take  part  in  the  formation  of  the  image. 
This  may  be  due  to  imperfect  mounting  or  to 
reflections  from  the  surfaces  of  the  lens  itself. 

^  ^      In  the  former  case  it  is  a  mechanical  defect, 

Causes  of  ,   ,  i  •  i?  a 

Flare.  there  is  no  excuse  tor  its  presence.  An 

examination  of  the  interior  of  such  a  lens  as 
the  rectilinear  will  show  that  there  is  a  portion 
of  the  tube  lying  between  the  lens  and  immedi- 
ately in  front  or  behind  the  two  combinations, 
which  is  blackened.  If  this  were  not  the  case, 
light  entering  the  lens  would  be  reflected  by 
these  bright  portions  and  be  diffused  over  the 
field,  thus  destroying  the  brilliancy  of  the 
picture.  Flare  will  occur  if  the  blackening  of 
this  portion  of  the    mount  is  imperfect,  or 
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becomes  so  by  continued  use.  If  the  interior 
of  the  mount  is  screw-threaded,  care  should 
be  taken  that  it  does  not  rub  bright,  as  it  is 
easy  to  remove  the  black  from  the  top  of  the 
threads  by  cleaning  the  lens.  Should  this 
happen  the  lens  must  be  reblacked. 

In  the  case  of  modern  orthostigmats  (ana- 
stigmats)  where  the  separation  is  very  slight, 
there  is  little  danger  of  this  occurring  provided 
the  edges  of  the  combinations  themselves  are 
well  blackened  before  they  are  put  into  their 
cells,  but  if  by  some  chance  this  has  been 
overlooked,  the  lens  should  be  returned  to 
the  makers. 

There  are  fixed  focus  cameras  on  the  market 
with  single  lenses  where  there  is  no  actual 
mount,  the  lens  forming  an  integral  portion  of 
the  camera.  Flare  spot  may  occur  in  these  cases 
if  the  makers  of  the  cameras  do  not  understand 
the  properties  of  lenses,  as  such  appar- 
ently trifling  matters  are  liable  to  be  over- 
looked. To  ascertain  if  flare  is  present  remove 
the  back  of  the  camera,  open  the  lens  and  look 
through  it  towards"  the  light,  carefully  examine 
the  lens  to  see  if  any  of  its  setting  or  portions 
of  the  shutter  show  bright;  if  there  is  no  sign 
of  such  brightness  there  will  be  no  flare  from 
this  cause.  The  second  and  most  important 
form  of  flare  is  present  to  some  extent  in  all 
lenses,  however  perfect,  and  is  due  to  the  lens 
itself.  No  lens  can  be  constructed  which  does 
not  give  two  images  of  a  bright  light  or 
luminous  body  placed  in  front  of  it.  One  of 
these  is  the  chief  image  at  the  principal  focus 
and  goes  to  form  the  picture,  but  there  is 
another,  extremely  faint  as  a  rule,  on  the  axis 
and  usually  close  to  the  lens  surface. 

This  can  be  tested  by  using  a  hand  magnify- 
ing glass,  and  focussing  a  lamp  flame  or  gas 
jet  on  a  piece  of  ground  glass :  there  will  of 
necessity  be  the  bright  image  at  the  principal 
focus,  but  also  if  the  glass  is  brought  close  up 
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to  the  lens  a  faint  secondary  image  of  the  gas 
flame  will  be  found  surrounded  by  the  bright 
disc  caused  by  the  principal  image  out  of  focus. 

This  is  an  image  formed  by  certain  of  the 
rays  not  passing  immediately  through  the  lens, 
but  being  reflected  forward  by  the  second  sur- 
face and  on  to  the  first  surface,  which  reflects 
them  back  through  the  lens.  In  a  photographic 
lens  the  incident  pencil  of  rays  is  limited  by  the 
diaphragm,  and  consequently  the  flare  spot 
due  to  reflection  may  be  considered  as  an 
image  of  the  diaphragm.  If  the  focus  of  the 
secondary  image  happens  to  be  situated  at  the 
same  distance  or  very  nearly  so,  as  the  primary 
image,  a  definite  spot  will  be  formed  on  the 
photographic  plate  and  entirely  spoil  the 
picture. 


Effect  of  the 
position  of 
the 

diaphragm. 


For  example,  in  figure  44  let  A  be  the  lens, 
O  the  diaphragm,  and  let  a  bundle  of  light 
pass  through  O  to  A  and  be  brought  to  a  focus 
in  BC,  some  of  the  light  is  reflected  back  by 
the  second  surface  of  A,  and  returns  to  the 
first  surface  where  it  is  again  reflected  ;  this 
time  it  passes  through  the  lens  A  and  reaches 
the  plate  between  B  and  C. 

In  the  case  of  an  extremely  thin  lens  it 
would  be  no  use  moving  the  diaphragm,  but  in 
the  ordinary  landscape  lens  a  slight  alteration 
in  its  position  will  sometimes  cure  a  flare  spot 
by  distributing  the  false  image  over  the  whole 
field.  Figure  45  is  a  diagrammatic  repre- 
sentation of  this.  The  spot  BC  is  so  broad 
that  it  will  be  of  no  consequence. 
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It  is  obvious  that  in  proportion  to  the  num- 
ber  of  reflecting  surfaces  in  a  lens,  so  will  the  a  number  of 
number  of  secondary  images  increase,  and  surfaces, 
with  them  the  danger  of  a  flare  spot.  If  an 
ordinary  rectilinear  be  examined  in  the  way 
mentioned,  there  will  be  found  to  be  eight 
images,  six  of  which  will  be  so  faint  as  to  be 
almost  invisible.  In  a  portrait  lens  of  the 
Petzval  type,  14  images  exist.  This  lens  is  very 
prone  to  give  a  flare  spot  when  a  small  stop  is 
used.  A  certain  amount  of  flare  cannot  be 
avoided,  but  the  extraneous  light  thus  admitted 
must  not  be  allowed  to  concentrate  over  a  small 
area.  The  quantity  of  flare  that  is  present 
varies  in  different  lenses,  and  makes  itself 
apparent  by  the  lack  of  brilliancy  in  the 
pictures  produced  by  them.  In  excess  it 
results  in  milky  photographs  lacking  in  con-  Effect  of 
trast,  but  it  is  only  in  extreme  cases  that  the  flare  on  the 
defect  is  noticeable.  Surfaces  that  are  photograph, 
cemented  together  have  so  little  effect  that 
they  need  not  be  reckoned,  but  too  large  a 
number  of  open  or  ''air"  surfaces  should  be 
avoided.  Thus,  a  single  achromatic  lens 
(figure  46a)  gives  a  more  brilliant  picture  than 
a  complicated  lens  with  numerous  air  spaces, 


Figure  46. 


Figure  47. 


such  as  figure  47b.  (This  is  purely  an  imaginary 
one  drawn  for  purposes  of  argument). 
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The  brilliancy  always  attributed  to  the  old 
landscape  lens  (figure  46a),  and  quite  rightly  so, 
was  due  to  this  reason.  Another  factor  which 
leads  to  flare  is  the  presence  of  steep  curves 
ia  lenses.  The  greater  the  angle  at  which  the 
light  strikes  the  various  surfaces  of  a  lens  the 
larger  is  the  proportion  that  will  be  reflected. 
If  it  is  reflected  outwards  away  from  the 
camera  it  will  not  produce  flare,  it  will  only 
slightly  reduce  the  rapidity. 

If,  on  the  other  hand,  it  is  not  reflected  away 
from  the  camera  but  inwards,  a  perceptible 
amount  of  damage  may  result.  The  number  of 
outside  surfaces  is  worth  taking  notice  of 
when  purchasing  a  lens,  especially  if  it  is  to  be 
used  for  telephotography,  as  the  telephoto 
attachment  means  the  addition  of  at  least  two 
more  reflecting  surfaces,  to  the  detriment  of 
the  image. 

Flare  spot  is  an  unpardonable  defect  in  a  lens, 
while  flare,  if  present  in  only  small  quantities, 
is  immaterial ;  if  it  is  excessive,  the  brilliancy 
of  the  picture  is  diminished. 

It  is  worth  a  photographer's  while  to  select 
a  lens  as  free  as  possible  from  this  defect. 

The  order  in  which  lenses  can  be  placed  with 
regard  to  freedom  from  flare  is  as  follows''' : — 

(1)  Single  achromatic. 

(2)  Rapid  rectilinear, 

(3)  Double  orthostigmat.f 

(4)  Unsymmetrical     anastigmats,  with 

numerous  air  spaces. 


*  The  above  classification  is  only  general,  a  badly-nnade  single 
achromatic  may  be  worse  than  a  good  rapid  rectilinear. 

i  Might  be  bracketed  equal  to  the  rectilinear. 
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Brief  Summary  of  the  Chief  Points  in 
Section  III. 

A  simple  lens  does  not  fulfil  all  requirements. 

A  lens  should  faithfully  reproduce  every  point  of  the  object 
in  the  picture. 

To  do  so,  it  must  be  corrected  for 

(a)  Chromatic  aberration. 

(b)  Spherical  aberration. 

(c)  Astigmatism  (radial  and  tangential). 

(d)  Curvature  of  the  focal  surface. 

(e)  Distortion. 

Chromatic  aberration  is  caused  by  the  inability  of  a  lens  to 
converge  rays  of  white  light  coming  from  an  illuminated 
point  to  a  similar  point  in  the  image. 

A  simple  single  lens  is  non-achromatic. 

A  lens  made  of  two  glasses  can  be  entirely  achromatized  for 
two  colours,  the  others  being  almost  corrected. 

A  lens  of  more  than  two  glasses  can  be  entirely  corrected  for 
three  colours,  the  other  colours  being  so  slightly  uncor- 
rected that  the  result  is  practically  perfect. 

It  is  by  combining  lenses  with  different  dispersive  powers 
that  this  correction  is  effected. 

A  non-achromatic  lens  is  said  to  have  a  chemical  focus. 
Spherical  aberration  is  due  to  the  use  of  spherical  surfaces. 

It  is  the  inability  of  a  lens  to  convey  the  marginal  rays  to  a 
point  at  the  same  distance  from  the  lens  as  the  central 
ones. 

When  spherical  aberration  is  present,  a  point  is  represented 
by  a  circle  and  not  by  a  point. 

If  this  circle  be  more  than  1-100  of  an  inch  in  diameter,  the 
lens  is  badly  corrected. 

Astigmatism  is  an  error  of  the  oblique  rays. 


Where  astigmatism   is  present    tiie  rays,   instead  of  being 
brought  to  one  focal  point,  are  brought  to  two  focal  lines. 

The  distance  between  these    lines    is    the  measure  of  the 
astigmatism . 

A  point  midway  between  these  lines  gives  the  position  of  the 
circles  of  least  confusion. 

Lenses  which  are  particularly  free  from  this  error  arc  called 
orthostigmatic  or  anastigmatic. 

Curvature  of  field  is  the  error  caused  by  the  focal  plane  being 
curved  instead  of  flat. 

Distortion  due  to  the  lens  causes  straight  lines  in  the  object 
to  be  reproduced  as  curved  lines  in  the  image. 

There  are  two  kinds  of  distortion,  known  as  barrel  and  pin- 
cushion. 

All  single  lenses  are  subject  to  some  degree  of  distortion. 

This  error  is  often  overcome  by  combining  two  lenses  which 
possess  the  error  to  an  equal  and  opposite  extent. 

The  position  of  the  stop  influences  the  amount  and  kind  of 
the  distortion. 

Flare  is  caused  by  the  presence  of  extraneous  light  in  the 
camera  which  does  not  take  part  in  the  image  formation. 

Flare  spot  is  the  concentration  of  this  light  within  confined 
limits. 

The  greater  the  number  of     air  "  surfaces  the  greater  is  the 
danger  of  flare. 

The  presence  of  flare  makes  itself  known  in  milkiness  and 
lack  of  brilliancy  in  the  picture. 
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SECTION  IV. 


Properties  of  Lenses. 

In  the  earlier  pages  of  this  book  certain 
characteristics  of  lenses  have  been  alluded  to, 
but  the  complete  discussion  of  their  properties 
has  been  left  to  a  separate  chapter.  The 
subject  is  usually  considered  to  need  for  its 
elucidation  the  use  of  mathematical  formulae 
and  abstruse  calculations.  No  doubt  for  the 
scientific  investigator,  or  for  the  optician,  such 
may  be  the  case,  but  a  correct  grasp  of  these 
properties  can  be  obtained  in  a  much  simpler 
manner.  After  all,  what  interests  the  photo- 
grapher is  the  actual  use  of  his  instrument, 
and  although  a  knowledge  of  the  reasons  which 
govern  its  suitable  employment  is  invaluable, 
this  knowledge  need  not  be  extended  to  the 
degree  necessary  for  the  calculation  of  a  new 
type  of  instrument.  Each  property  will  be 
considered  in  turn,  and  its  influence  and 
importance  described.  A  full  appreciation  of 
the  underlying  factors  governing  the  use  of  a 
lens  will  help  the  photographer  to  understand 
the  reasons  why  some  types  of  lenses  are  more 
suitable  than  others  for  particular  work. 

Section  V.,  which  follows  this  one,  will  briefly 
describe  the  chief  types  of  photographic  lenses, 
and  from  a  careful  examination  of  these  two 
sections,  the  choice  of  a  lens  suitable  for  any 
purpose  should  be  easily  made. 


84 


The  properties  to  be  discussed  are  taken  in 
the  following  order  : — 

(1)  Focus. 

(2)  Rapidity. 

(3)  Depth  of  focus  (depth  of  definition). 

(4)  Brilliancy  of  definition. 

(5)  Angle  of  view  (and  perspective). 

(6)  Equality  of  illumination. 

(7)  Area  of  critical  definition. 

(8)  Absorption,  reflection  and  scattering 

of  light. 


Definition. 


Position 
from  which 
to  measure 
the  focus. 


(1)  Focus. 

The  focal  length  of  a  lens  is  the  measure  of 
its  refracting  power  and  of  the  size  of  the 
image  it  will  produce. 

The  focus  or  focal  distance  is  the  distance 
from  the  photographic  plate  to  the  lens,  when 
it  is  so  placed  that  a  distant  object  is  sharply 
depicted  or  focussed.  As  a  lens  is  generally 
of  considerable  thickness,  the  particular  point 
from  which  the  focus  should  be  measured 
becomes  a  matter  of  importance.  In  the  early 
days  of  photography  lenses  were  often  classi- 
fied by  what  was  called  their  back  focus,  which 
was  the  distance  of  the  back  surface  of  the 
lens  from  the  plate.  This  method  was  con- 
venient, inasmuch  as  it  indicated  the  length 
of  the  camera  extension  required.  In  the  case 
of  the  early  photographic  lenses  it  was  approxi- 
mately accurate,  but  as  soon  as  the  construc- 
tion became  more  complex  it  proved  to  be 
misleading,  for  instance,  one  lens  having  twice 
the  hack  focus  of  another  will  not  of  necessity 
give  an  image  twice  the  size.  The  point  from 
which  the  focus  should  be  measured  is  that 
point  upon  which  the  lens  may  be  rotated  or 
swung  without  moving  the  image  on  the 
ground  glass  (see  Appendix  II.).  In  single 
view  lenses  it  is  near  the  back  surface  of  the 
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lens,  in  doublets  of  the  rectilinear  type  it  is 
close  to  the  iris  diaphragm  ;  in  most  sym- 
metrical orthostigmats  it  is  also  close  to  the 
diaphragm,  and  measurements  from  it  to  the 
ground  glass  are  sufficiently  accurate  for  all 
ordinary  purposes.  In  non-symmetrical  forms 
of  lenses  such  as  the  Petzval  portrait,  tele- 
photo,  etc.,  the  point  may  be  very  much  in 
front  or  behind  the  diaphragm  ;  in  this  case  the 
back  focus  of  the  lens  will  give  entirely 
erroneous  results  ;  for  instance,  when  pairing 
lenses  for  stereoscopic  work,  two  lenses  might 
be  selected  having  identically  the  same  back 
focus,  but  having  different  equivalent  foci,  con- 
sequently the  sizes  of  the  two  pictures  would 
be  different,  rendering  them  useless  for 
stereoscopic  work. 

There  are  several  methods  of  finding  the 
position  from  which  to  measure  the  equivalent 
focus,  but  one  lends  itself  to  special  considera- 
tion, as  by  its  means  such  terms  as  equivalent 
focus  and  optical  centre  can  be  explained. 

Suppose  an  ordinary  photographic  lens  of 
the  rectilinear  type  to  be  focussed  so  as  to 
throw  an  image  of  some  distant  object,  say  a 
church  tower,  upon  the  ground  glass.  It  is 
possible  to  select  a  thin  spectacle  lens  of  such 
a  focus  that  it  will  give  an  image  of  this  object 
of  exactly  the  same  size.  The  distance  from 
the  edge  of  this  thin  lens  to  the  ground  glass 
will  be  the  "equivalent"  focus  of  the  recti- 
linear lens  under  examination.  In  fact,  this 
explains  the  term  "equivalent"  focus,  which 
signifies  the  focus  of  an  infinitely  thin  lens 
which  will  give  a  picture  equivalent  in  size  to 
that  produced  by  the  photographic  lens. 

If  a  mark  be  made  on  the  lens  mount  to 
correspond  with  the  edge  of  the  spectacle  lens, 
the  position  from  which  to  measure  the  equiva- 
lent focus  will  be  found.  It  has  been  the 
custom  to  call  this  point  the  optical  centre  of 
the  lens,  but  if  the  lens  be  turned  round  and  a 
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second  mark  be  made  on  the  mount  it  will  be 
found  not  to  coincide  with  the  one  already 
made. 

From  this  it  will  be  seen  that  there  are  two 
positions  from  which  the  focus  must  be 
measured,  according  to  the  way  that  the  lens 
is  turned,  and  consequently  it  cannot  have  one 
optical  centre;  it  will  have  two  "equivalent 
planes,"  the  front  and  back. 

The  planes  are  sometimes  called  "  nodal 
planes.""  As  a  lens  is  almost  always  used  one 
way  round,  there  is  seldom  any  necessity  to 
know  more  than  one. 

There  is  a  type  of  camera  that  actually 
makes  use  of  the  fact  previously  mentioned, 
viz.,  that  if  a  lens  is  rotated  on  its  back  equiva- 
lent plane  the  picture  will  remain  stationary. 
In  the  "  panoramic  "  cameras  the  lens  swings 
on  this  plane  as  a  centre,  and  the  image  is  not 
blurred  during  the  movement  of  the  lens ; 
naturally  it  requires  accurate  adjustment  to 
ensure  success,  and  if  a  panoramic  camera 
gives  poor  definition  the  position  of  the  swing- 
ing centre  should  be  tested. 

In  the  definition  of  focal  distance  given  at 
the  beginning  of  this  section,  it  was  stated  that 
the  object  in  focus  must  be  at  a  great  distance. 
If  the  object  is  brought  nearer  to  the  lens  the 
focal  length  will  be  gradually  increased  till  a 
point  is  arrived  at  where  it  will  be  twice  the 
true  focal  distance  from  the  lens ;  when  this  is 
the  case  the  object  will  be  at  an  equal  distance 
in  front  of  the  lens. i 

That  is  to  say,  the  object  will  be  the  same 
distance  from  the  lens  that  the  image  is,  and 
the  object  and  its  image  will  be  of  the  same 
size. 

The  distances  of  an  object  from  the  lens  and 
of  its  corresponding   image   are   called  the 

*  See  Appendix  I.    The  Gauss  Planes. 

I  As  a  matter  of  strict  aacuracy,  the  distance  of  the  object  must  be 
measured  from  the  front  equivalent  plane  and  the  image  from,  the  back. 
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''conjugate  foci,"  and  they  bear  a  defirnte 
relation  to  one  another,  the  knowledge  of 
which  is  of  assistance  to  the  photographer  in 
determining  focussing  scales  and  making  tables 
for  enlargements  and  reductions. 

The  effect  of  using  lenses  of  different  foci: — 
It  may  now  be  pointed  out  in  what  respect 
the  focus  affects  the  photograph.  The  first 
and  most  important  result  produced  is  the 
scale  of  the  picture.  The  size  of  the  image  of 
an  object  will  depend  on  the  lens  employed  ;  a 
distant  ship  at  sea  photographed  by  a  lens  of 
one  inch  focus  would  be  so  small  as  to  be 
practically  invisible,  whereas  if  a  lens  of  20- 
inch  focus  had  been  employed  the  image 
would  have  been  twenty  times  the  size.  Every 
type  of  lens  may  be  made  of  any  required 
focus,  and  the  question  of  the  most  suitable 
length  is  an  important  factor  in  its  choice. 
The  question  largely  depends  on  the  size  of 
the  picture.  In  a  small  picture  the  principle 
objects  must  of  necessity  be  small,  thus  in  a 
^-plate  picture  a  house  '1  inch  high  might  be 
all  that  is  required  ;  whereas  if  it  were  repro- 
duced that  size  on  a  12x10  plate,  it  would 
be  ludicrously  small.  For  the  ordinary  run 
of  work  a  general  principle  has  been  adopted, 
whereby  a  lens  is  selected  having  a  focal 
length  about  one -third  longer  than  the 
base  of  the  plate  on  which  it  is  to  be  used. 
Naturally  the  focus  of  a  lens  also  determines 
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focussing  of  objects  at  infinity,  and  to  allow 
of  focussing  nearer  objects  an  extra  4  or  5 
inches  should  always  be  provided.  If  it  is  to 
be  used  for  copying  full  size,  it  should  have  an 
extension  of  at  least  20  inches.  It  is  in  this  con- 
nection that  the  importance  of  conjugate  foci 
becomes  apparent,  for,  when  the  object  is  at  a 
great  distance  from  the  camera  the  focus  of  the 
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lens  under  those  conditions  will  be  its  normal 
equivalent  focus.    As  the  object  which  is  being 
photographed  is  brought  nearer  to  the  camera 
so  will  the  conjugate  focus  increase,  slowly  at 
first,  but  rapidly  as  the  object  becomes  very 
near.    If  the  object  approaches  from  infinity  to 
50  feet,  the  alteration  with  a  6-inch  lens  will  be 
hardly  perceptible  ;  but  when  it  is  at  a  distance 
of  24  feet  the  increase  of  the  conjugate  focus 
over  the  equivalent  will  be  |-  inch,  at  4  feet 
f  inch,  at  2  feet  If  inch,  and  at  1  foot  6  inch. 
To  obtain  the  conjugate  focus  of  an  object : — 
VrndiJ^Kc     ^^^^        distance  of  the  object  from  the  lens, 
conjugate^     deduct  the  focus  of  the  lens  and  divide  by  the 
focus.  focus,  divide  this  amount  into  the  focus  and 

the  result  will  be  the  distance  that  the  ground 
glass  of  the  camera  will  have  to  be  shifted 
from  its  normal  position. 

The  above  distance  is  always  in  a  direction 
backwards,  and  that  is  why  the  rear  of  a 
focussing  camera  is  racked  backwards,  or  the 
front  forwards  in  focussing  near  objects.  The 
amount  of  the  motion  provided  in  the  camera 
limits  the  nearness  to  the  camera  at  which 
objects  can  be  sharply  focussed  and  photo- 
graphed, and  only  a  camera  with  a  double 
extension  can  be  used  for  copying  life  size, 
without  having  resource  to  special  or  supple- 
mentary lenses. 

The  actual  amount  of  movement  necessary 
varies  with  the  focus  of  the  lens."  The  move- 
ment necessary  varies  as  the  square  of  the 
focus,  that  is,  a  2-inch  focus  lens  requires  an 
alteration  of  only  a  J  inch  to  focus  objects  at 
20  inches  ;  while  a  4-inch  lens,  to  obtain  a  like 
result,  necessitates  a  movement  of  1  inch.f 

It  will  occur  to  the  photographer  that,  how- 
ever short  the  focus  of  a  lens  may  be,  there 

*  The  longer  the  foeus  of  the  lens  the  greater  the  alteration  necessary 
for  objects  at  different  distances, 

i  An  error  is  introduced  in  the  above  calculation  when  very  large 
variations  of  focus  are  considered,  but  for  practical  purposes  the  movement 
required  varies  as  the  square  of  the  focus. 
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v/ill  remain  the  necessity  for  some  movement 
in  order  to  focus  objects  at  different  distances 
from  the  camera,  and  that  when  a  quarter- 
plate  camera  is  fitted  with,  say  a  5-inch  lens, 
this  movement  must  be  considerable.  It  seems 
strange,  therefore,  that  in  a  camera  of  this 
kind  the  lens  can  be  fixed  at  one  position,  Fixed  focus, 
allowing  of  no  movement  either  forwards  or 
backwards,  and  yet  produce  clear  pictures  of 
objects  at  either  30  feet  or  infinity.  If  the 
rule  referred  to  previously  be  employed,  the 
total  change  of  focus  necessary  for  a  5-inch 
lens  for  objects  between  30  feet  and  distance 
will  be  found  to  be  only  y^-  inch.  Theoretically 
the  picture  will  be  out  of  focus  for  either 
objects  at  30  feet  or  in  the  distance,  but  it  will 
be  to  so  slight  a  degree  that  it  need  not  be  con- 
sidered. This  point  will  be  dealt  with  more  fully 
under  the  heading  ''depth  of  definition,"  but  it 
shows  that  short  focus  lenses  have  greater 
proportional  depth  than  those  of  longer  focus. 

Fixed    focus    hand-camera-lenses  should, 
therefore,  be  of  as  short  a  focus  as  is  com- 
patible   with    pictorial    effect   and  covering 
power.    Where  focussing  scales  are  provided 
this  is  not  of  so  much  importance,  but  fixed 
focus  cameras  have  many  advantages,  and  if  ^^^^ 
they  are  adjusted  by  an  optician  who  uses  a  suitable 
microscope  for  focussing  the  lens,  they  will  focus, 
undoubtedly  procure  a  finer  average  of  defini- 
tion than  where  the  sharpness  depends  on 
rapidly  judging  the  distance  of  the  object  and 
setting  a  pointer  to  a  scale. 

Alteration  of  the  focus  by  means  of  supple- 
mentary lenses  : — This  system  has  recently 
become  popular  on  account  of  its  convenience  ^"'^^l^^^^'" 
when  used  in  conjunction  with  fixed  focus  enscs. 
cameras  ;  it  is,  in  fact,  the  only  system  appli- 
cable to  this  type.  Such  lenses  are  generally 
called  magnifiers.  They  were  first  com- 
mercially introduced  by  Messrs.  R.  &  J.  Beck, 
Limited,  in  connection  with  their  "  Frena " 
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cameras,  and  have  through  their  instru- 
mentality become  widely  known  under  this 
name.  They  may  be  considered  as  lenses  for 
a  special  purpose,  and  will  be  fully  discussed 
under  Section  VII. 

The  question  of  the  most  suitable  lens  and 
focus  to  choose  for  any  specific  branch  of  work 
is  too  large  to  be  discussed  except  under  the 
chapters  dealing  with  particular  applications 
of  photography  (see  Section  VI.)  It  will  be 
sufficient  here  to  indicate  that  the  focus 
required  for  any  given  size  camera  cannot 
always  be  the  same.  For  portraiture  the  lens 
should  have  a  focus  at  least  three  times  the 
length  of  the  longest  dimension  of  the  plate. 
For  landscapes  it  is  desirable  to  have  more 
than  one  focus  at  call.  For  hand  cameras  of 
the  snap-shot  class  a  fairly  shore  focus  is 
desirable.  While  for  copying,  process  work, 
etc.,  such  conditions  as  the  position  of  the 
ruled  screen,  the  distance  of  the  source  of 
illumination,  etc.,  affect  the  question  of  the 
most  suitable  focus  to  be  employed. 


(2)   Depth  of  Focus  or  Definition. 

By  depth  of  focus  is  meant  the  property 
Definition.     possessed  by  a  lens  of  depicting  more  than  one 
plane  of  the  object  or  view  sharply  upon  the 
plate. 

In  the  explanation  of  focus,  it  has  been 
pointed  out  that  two  objects  at  different 
distances  from  the  lens  will  be  brought  to  a 
focus  on  different  planes  behind  the  lens,  how- 
ever slight  be  their  separation,  or,  to  express 
it  otherwise,  the  lens  will  have  a  different 
focus  for  different  planes  in  the  view.  Never- 
theless, although  this  may  be  theoretically 
true,  it  is  found  in  practice  that  there  is  a 
considerable  range  of  distance  within  which 
all  objects  will  be  so  sharply  defined  that  the 
eye  cannot  discern  any  indistinctness. 
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This  range  of  distance  is  called  the  depth  of 
focus  or  definition,  and  is  of  vital  importance 
to  the  photographer.  The  eye  has  linnits  of 
definition,  beyond  which  it  cannot  any  longer 
discern  what  is  sharp  and  what  is  not.  It  has 
been  assumed  that  a  point  will  appear  as  a 
point  in  the  photograph,  so  long  as  it  is  not  a 
circle  of  more  than  1  - 1 00  inch  in  diameter  when 
viewed  at  a  convenient  distance  of  12  inches, 
in  other  words,  as  long  as  it  does  not  subtend 
an  angle  of  more  than  three  minutes  to  the 
eye.  The  reason  for  the  limit  of  vision  is  that 
the  retina  of  the  eye  consists  of  a  number  of 
rods  and  cones,  and  it  is  generally  supposed  that 
two  points  will  not  be  recognised  as  such  by 
the  eye,  unless  their  images  are  sufficiently 
separated  to  fall  upon  two  rods  or  cones  of  the 
retina.  If  the  two  images  are  so  close  as  to 
both  fall  upon  one  rod  or  cone,  they  will 
appear  as  one  point. 

There  are  three  factors  that  govern  depth 
of  focus. 

(1)  The  focus  of  the  lens. 

(2)  The  aperture  of  the  lens. 

(3)  The  presence  of  spherical  aberration 

in  the  lens. 

(1)  The  focus  of  the  lens.  The  shorter  the 
focus  the  greater  the  depth  of  definition.  In 
relation  to  objects  that  are  not  too  near  the 
camera  this  depth  varies  inversely  as  the 
square  of  the  focus,  and  a  lens  of  2-inch  focus 
will  give  4  times  the  depth  of  focus  of  a  4-inch 
lens,  and  36  times  that  of  a  12-inch  lens,  pro- 
vided that  the  apertures  are  the  same. 

(2)  The  aperture  of  the  lens.  The 
smaller  the  aperture  or  the  more  nearly  a  lens 
approaches  a  pinhole,  the  greater  becomes  the 
depth  of  definition.  This  is  what  might  be 
expected,  as  a  pinhole  has  limitless  depth.  The 
question  of  aperture  is  so  important  that  a  full 
consideration  of  its  bearing  on  differing  focal 
lengths  is  desirable. 
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In  figure  48  are  represented  the  cones  of 
light  thrown  upon  the  ground  glass  or  plate  by 

Fecal  X  X'  X  ' 


Length. 


Figure  48. 

X   =  Focal  plane  for  cbjeci,s  near  the  camora. 

X'  =  Focal  plane  for  objects  in  the  middle  distance. 

X"  =  Focal  plane  for  objects  at  infinity. 


lenses  of  the  various  foci  illustrated,  but  all 
having  the  same  aperture,  namely,  f/6  ;  in  con- 
sequence of  this  the  cones  of  light  will  all  be 
similar  and  embrace  the  same  angle,  namely, 
9'^28',  and  the  position  of  the  line  X  represents 
where  the  cones,  after  having  become  a  point 
at  the  line  X',  separate  again  to  the  extent  of 
1-100  inch,  the  limit  for  sharp  definition. 

Thefoci  chosen  are  4  inches, 5  inches,  6  inches, 
7  inches,  9  inchesand  1 2  inches ;  the  diagram  will 
help  to  prove  that  the  longer  the  focus  of  a 
lens  the  less  will  be  the  depth  of  definition. 
The  distance  of  the  areas  of  sharp  definition, 
from  X  to  X",  is  the  same  in  all  ;  but  this 
distance  XX"  inside  the  camera  does  not  repre- 
sent with  different  foci  lenses  the  same  range 
of  objects  outside  the  camera.  For  applying 
the  rule  given  on  page  88,  in  the  case  of  a  12- 
inch  lens  it  is  only  objects  between  201  feet  and 
distance,  whose  images  lie  within  the  space  XX', 
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while  in  the  case  of  the  4-inch  lens  the  same 
space  will  include  those  between  22  feet  and 
infinity,    a   very    marked    difference.  The 
aperture  f/6  has  been  chosen  because  experi- 
ence shows  this  to  be  the  limit  of  aperture  ^ 
which  it  is  convenient  to  use  for  rapid  work  in  aperture  for 
the  field  ;  any  increase  means  such  a  loss  of  rapid  work, 
depth  of  focus  that  extremely  careful  adjust- 
ment is  necessary  for  every  plane,  to  obtain 
even  approximately  good  definition. 

If  the  dotted  line  X"  be  at  the  same  distance 
from  X'  as  X,  but  in  the  opposite  direction,  it 
will  cut  the  cones  so  as  to  give  a  circle  of 
1-100  inch  in  diameter,  and  if  the  lens  be  so 
focussed  that  distance  objects  are  the  most 
sharply  defined  at  this  point  X",  and  the  plate  be 
placed  at  X',  the  depth  of  focus  will  be  doubled, 
by  making  use  of  the  maximum  degree  of 
diffusion  permissible  on  both  sides  of  the  true 
focal  plane.  The  distance  will  still  be  sharply 
defined,  though  the  most  critical  definition 
will  be  somewhere  between  the  horizon  and 
the  nearest  objects. 

The  position  of  the  best  definition  will  now 
be— 

271  inches  for  the  4-inch  lens, 

422  inches  for  the  5-inch  lens, 

606  inches  for  the  6-inch  lens, 

824  inches  for  the  7-inch  lens, 
1359  inches  for  the  9-ineh  lens, 
2412  inches  for  the  12-inch  lens, 

instead  of  the  horizon,  and  the  nearest  points 
in  focus  will  be — 

143  inches  for  the  4-inch  lens, 
212  inches  for  the  5-inch  lens, 
306  inches  for  the  6-inch  lens, 
416  inches  for  the  7-inch  lens, 
688  inches  for  the  9-inch  lens, 
1259  inches  for  the  12-inch  lens. 
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Thus  it  is  evident  that  the  shorter  the  focus 
the  greater  the  depth  of  definition  will  be,  and 
it  is  possible  by  special  care  in  the  focussing  of 
fixed  focus  cameras  that  considerable  advan- 
tage may  be  gained,  but  it  is  not  advisable  for 
the  amateur  to  attempt  such  an  adjustment 
himself.  A  lens  in  a  fixed  focus  camera,  bearing 
a  good  name,  should  not  be  condemned  as 
being  incapable  of  giving  sharp  pictures  until 
the  focussing  has  been  critically  examined. 

(3)  The  effect  of  the  presence  of  spherical 
aberration  on  depth  of  definition  : — A  very 
small  degree  of  spherical  aberration  is  at  times 
of  use  to  the  photographer,  by  increasing  the 
depth  of  focus  of  the  lens. 


Figure  49. 

To  make  this  clear,  figure  23  has  been  again 
reproduced  as  figure  49,  and  without  repeating 
the  description  of  spherical  aberration  it  will 
be  sufficient  to  point  out  that,  if  the  screen  be 
placed  at  either  O,  X  or  O'  the  circles  of  least 
confusion  will  be  approximately  the  same  size, 
and  if  this  circle  be  less  than  1-100  inch  in 
diameter  the  picture  will  be  sharp  whichever 
of  the  three  positions  the  screen  occupies,  so 
that  the  actual  depth  of  focus  in  this  case 
corresponds  to  the  distance  between  O  and  O'. 
Suppose,  for  argum'ent,  that  AB  be  a  portrait 
lens  with  an  aperture  of  f/4,  this  increased 
depth  may  be  of  great  use.  If  the  correction 
for    spherical    aberration  were  perfect  one 
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plane  only  would  be  sharp,  so  that  if  the  lens 
were  used  in  this  state  for  photographing  a  bust 
where  the  nose  had  been  accurately  focussed, 
the  latter  would  be  distressingly  well  defined, 
while  the  eyes  and  mouth  would  be  fuzzy  and 
the  neck  lost  in  mist. 

Of  course,  this  could  be  improved  by  stop- 
ping down,  but  the  value  of  the  rapid  lens 
would  be  gone.  If  this  lens  has  a  little  spherical 
aberration,  as  in  figure  49,  there  will  be  equal 
definition  over  the  planes  of  the  nose  and 
mouth,  and  no  part  will  show  great  lack  of 
sharpness  ;  the  definition,  of  course,  will  not 
be  microscopic  anywhere,  but  the  result  will 
be  better  pictorially. 

In  hand  cameras  where  lenses  are  to  be 
used  at  a  fixed  distance  from  the  ground  glass, 
a  small  amount  of  spherical  aberration  may 
sometimes  be  allowed  for  the  same  reason,  and 
the  equality  of  the  definition  over  differing 
planes  is  improved.  In  the  beautifully  corrected 
modern  lenses  this  error  is  never  present  to 
any  extent,  and  consequently  more  care  is 
necessary  in  focussing.  Cases  have  come 
within  the  writers'  knowledge  where  a  modern 
anastigmat  has  been  returned  to  the  makers 
as  being  faulty,  simply  because  the  owner  did 
not  know  how  to  focus  it  to  the  best  advantage, 

A  circle  of  1-100  inch  diameter,  it  will  be 
remembered,  was  taken  as  the  maximum 
allowable  for  good  definition  when  the  print 
was  viewed  at  a  distance  of  12  inches,  but  with 
this  limit  of  sharpness  the  photographer  must 
be  content  that  his  picture,  which  is  perhaps  a 
J-plate  print  made  with  a  6-inch  lens,  shall 
remain  a  J-plate  print,  as  any  enlargement  will 
so  increase  the  circles  of  confusion  that  the 
picture  will  become  definitely  blurred.  When 
photographs  are  to  be  enlarged  or  critically 
viewed  for  their  definition,  points  should  not 
be  represented  by  circles  of  more  than  1-200 


Effect  of 
spherical 
error  in 
portraiture. 


The  better 
the  correc- 
tions the 
more  care- 
fully must 
the  focussing 
be  done. 


Standard  of 
definition 
for  genera] 
work. 
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Standard  of 
definition. 


Ideal 
definition. 


Microscopic 
definition. 


Photo- 
graphic 
definition. 


inch  in  diameter;  this  is  the  limit  that  Messrs. 
R.  &  J.  Beck  take  as  their  standard  in  the 
"  Frena "  hand  cameras,  and  the  distances 
within  which  objects  are  sharply  defined  are 
calculated  on  this  basis. 

There  are  three  standards  of  definition  that 
the  photographer  is  likely  to  hear  spoken  of, 
these  are — 

(1)  Ideal  definition. 

(2)  Microscopic  definition. 

(3)  Photographic  definition. 

Ideal  definition  is  the  abstract  idea  that 
opticians  have  always  before  them,  and  the 
degree  to  which  it  is  approached  will  vary  in 
particular  cases,  but  it  can  never  be  actually 
reached,  for  the  factor  of  diffraction  comes  in 
with  very  small  images,  preventing  the  realiza- 
tion of  this  theoretical  result. 

Microscopic  definition  is  what  is  required 
for  astronomical  telescope  object  glasses  and 
the  finest  microscope  objectives  ;  this  term  is 
sometimes  applied  to  photographic  lenses  such 
as  the  modern  orthostigmats  (anastigmats), 
and  the  best  of  these  may  fairly  claim  to 
possess  it. 

Photographic  definition  is  of  a  different 
quality.  In  a  photograph  the  objects  to  be 
sharply  defined  are  spread  out  over  a  large 
area  and  are  not  confined,  as  in  a  telescope,  to 
a  single  group  of  stars  in  the  centre  of  the  field. 
Consequently  a  certain  something  in  the 
quality  of  the  central  definition  is  sacrificed  to 
obtain  a  good  photographic  definition  through- 
out the  whole  field. 

To  conclude  this  heading  a  table  has  been 
prepared  showing  the  range  of  focus  for  fixed 
focus  lenses ;  it  shows  the  distance  beyond 
which  all  objects  will  be  sharp,  and  will  help 
purchasers  of  fixed  focus  cameras  to  determine 
what  they  may  expect. 


H.  Andrews. 


Negative  by 


Taken  with  a^  121-inch  Beck-Steinhei!  Orthostigmat,  the  I  combination  of  a  No.  5  Lens, 
at  full  aperture  fl  12'^5. 


Seepage  167. 

PLATE  XXII. 
Portrait  of  a  Young  Girl. 


Negative  by  B.  Bishop. 

From  a  photograph  taken  with  an  1 1-inch  Biplanat  at  fl8,  to  show  slight  distortion  due  to 
shortness  of  focus. 


See  page  167. 


PLATE  XXIII. 
Portrait  of  a  Young  Girl. 


See  page  1 75. 

PLATE  XXIV. 
A  Seashore  Madoi^na. 


Negative  by  C.  Beck. 

From  a  5x4  Frenagraph,  Beck- Autograph  lens,  6^-inch  focus,  in  conjunction  with  a 
Frena  magnifier. 
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Table  of  Depth  of  Focus. 


Focus  of  Lens 
in  inches. 

Ratios  marked  on  Stops. 

//9 

//lo 

//II 

//12 
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(3)  Rapidity. 

A  lens  in   contradistinction    to   a  pinhole 
possesses  the  property  termed  "  rapidity." 

This  is  due  to  its  power  of  converging  a  large 
number  of  rays,  emerging  from  a  luminous 
point  in  the  object,  to  a  corresponding  point 
in  the  image. 

The  measure  of  the  rapidity  of  a  lens  is 
dependent  on  the  size  of  this  bundle  of  rays, 
and  is  directly  proportionate  to  its  aperture  or  Measure  of 
effective   diameter.      In    other    words,   the  rapidity, 
greater  the  angle  included  in  this  cone  of  light 
the  greater  the  rapidity.''' 

*  To  illustrate  this  point,  suppose  that  in  figure  50  there  are  two 
lenses  A  and  B,  both  having  a  focus  of  3  mch,  but  the  one  an  aperture  or 
diameter    of  only   1  inch  and  the  other   of  3    inches.      It  will  be  seen 

at  once  that  the  lens  with  the 
smaller    aperture    converges  a 
^  ^  much  smaller  cone  of  light  to  a 

N  focus  at  O,  in  fact,  the  angle  of 

N        the  two  cones  are  18*^30'  and  60*^ 
\      respectively  :    consequently  the 
\      lens  converging  the  large  cone  is 
'     the  more  rapid,  for  the  area  of  the 
/     aperture  of  the  lens  B  is  nine 
/      times  that  of  A,  and  it  follows 
/        that  it  is  nine  times  as  rapid,  or 
^  it  might  be  said  that  B  admits 

nine  times  the  number  of  rays 
that  A  does. 


Figure  50 


D 
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Factors  The  rapidity  of  a  photographic  lens  is  not 

governing  dependent  solely  on  the  diameter  of  its  aper- 
rapidity.        -t^pg^  j^^^  diameter  in  relation  to  its 

focal  length. 


Figure  51. 


In  figure  51  are  represented  two  lenses 
having  the  same  apertures,  both  1  inch  in 
diameter,  but  of  two  different  foci  ;  the  first 
(a),  is  3-inch  focus,  the  second  (b),  6-inch  focus. 
Lens  a  has  four  times  the  rapidity  of  b,  and 
as  the  aperture  will  divide  three  times  into 
the  focus  it  would  be  written  as  f/3  in  photo- 
graphic nomenclature,  whereas  that  of  b  would 
be  written  f/6. 

A  practical  example  may  be  given.  Suppose 
the  lens  a  is  placed  in.  a  camera  and  a  square 
window  is  focussed  upon  the  ground  glass  so 
that  it  is  represented  by  a  bright  square  1  inch 
across,  having  marked  the  square  upon  the 
ground  glass,  and  upon  changing  this  lens,  re- 
placing it  by  the  6-inch  one,  the  window  will  now 
be  found  to  occupy  a  square  2  inches  across,  for 
the  lensproducing  ithas  twice  the  focus  and  will 
give  twice  as  large  a  picture  of  a  distant  object. 
Now  the  same  amount  of  light  from  the  window 
enters  both  lenses,  each  of  which  has  an 
aperture  of  1  inch,  but  in  the  case  of  the 
6-inch  it  is  distributed  over  four  times  the 
area,  and  each  point  will  only  receive  one- 
quarter  the  amount  of  light.  The  6-inch  lens 
is,  therefore,  only  a  quarter  as  rapid  as  the 
lens  with  half  its  focus.    In  this  example  it 
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is  taken  for  granted  that  the  window  is  at  a 
considerable  distance  from  the  lenses.* 


*  If  this  interesting  question  is  to  be  accurately  studied,  attention 
should  be  confined  to  the  angle  of  the  incident  cone  of  rays.  Suppose  a 
sheet  of  brown  paper  be  placed  over  the  window,  and  a  hole  an  inch  square 
be  cut  in  it,  and  the  two  lenses  mentioned  above  be  taken  and  placed  in 
such  a  position  and  at  such  a  distance  that  the  images  of  the  hole  are  in 
both  cases  an  inch  square,  it  might  be  supposed  that  the  lenses  in  this  case 
had  the  same  rapidity,  smce  the  light  is  spread  over  the  same  area.  Refer- 
ence to  figure  52  will,  however,  show  the  fallacy  of  this  reasoning. 


Figure  52. 

In  order  that  the  two  images  formed  by  A  and  B  may  be  the  same 
size,  the  shorter  focus  lens  must  be  brought  closer  to  the  brown  paper,  and 
it  will  then  collect  a  larger  cone  of  rays  owing  to  its  proximity  to  the  object. 
The  cone  of  rays  in  figure  52  collected  by  B  is  much  smaller  in  angular 
measurement  than  that  collected  by  A,  because  of  its  greater  distance  from 
the  object ;  indeed,  the  cone  is  but  a  quarter  the  volume,  and  it  follows  that 
the  rapidity  is  a  quarter  of  A  as  before,  this  is  equally  true  of  objects  at 
intermediate  distances.  It  is  not  till  the  object  is  at  a  considerable  distance 
that  the  previously  cited  example  is  accurate. 

Another  interesting  point  connected  with  this  subject  is  introduced  in 
astronomical  photography.  When  photographing  stars,  etc.,  the  only 
consideration  is  the  actual  diameter  of  the  lens,  the  focus  having  no 
influence  on  its  rapidity.  For  the  image  of  a  star  has  no  size,  it  is  so  far 
off  that,  however  long  a  focus  lens  be  employed,  its  image  will  still  only  be 
a  point,  so  that  it  resolves  itself  into  merely  a  question  of  the  lens  that 
can  collect  the  most  light.    Figure  53  will  illustrate  this  point,  let  A  be  a 


Figure  53. 

lens  of,  say,  1-inch  aperture  and  2-inch  focus  ;  B  a  lens  of  12-inch  aperture 
and  60-inch  focus,  and  X  the  star  under  consideration,  it  is  clear  that  the 
two  images  at  A  and  B  will  be  exactly  the  same  size,  and  so  it  remains 
only  to  discover  which  lens  admits  the  most  light.  The  star  X  is  emitting 
rays  in  every  direction,  so  that  a  lens  12  inch  in  diameter  must  receive  and 
transmit  a  greater  number  than  one  only  1  inch  in  diameter;  the  rapidity 
of  B  in  this  case  is  greater  than  A  in  direct  proportion  to  its  aperture.  At 
the  same  time  the  two  apertures  of  A  and  B  would  be  written  f/2  and  f/5, 
when  used  for  ordinary  photographic  purposes  A  would  then  be  more  rapid 
than  B.  The  foregoing  explains  why,  for  astronomical  object  glasses,  a 
large  diameter  is  essential,  while  length  of  focus  is  not  of  such  great  import- 
ance ;  indeed,  most  telescope  object  glasses,  have  apertures  varying  between 
f/12  and  f/16. 
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Having  reached  the   conclusion   that  the 
rapidity  of  a  lens,  neglecting  the  question  of 
absorption  by  the  glass  itself,  depends  upon 
the  aperture  or  effective  diameter  of  the  lens 
and  upon  the  focus,  the  question  as  to  how 
this  "rapidity"  can  be  expressed    calls  for 
attention.     For  many  years  the  method  of 
describing  this  property  was  the  subject  of 
much  discussion  and  it  was  not  till  the  Royal 
Photographic  Society  took  the  matter  up  that 
the  present  nomenclature  was  adopted.     It  is 
adhered  to  by  the  lens  manufacturers  in  this 
country,  and  is  generally  used  for  lenses  pre- 
pared for  the  English  market.     It  is  evident 
that  no  system  of  expressing  rapidity  can  be 
usefully  employed  that  does  not  combine  the 
aperture  of  the  lens  in  relation  to  its  focal 
length.     The  obvious  method  is  to  say  that  a 
lens  has  an  aperture  of  -|,  ^,  ^,  etc.,  of  its  focus. 
Its  rapidity  may  therefore  be  expressed  as  f/3, 
f/4,  f/8,  etc.     Two  lenses,  each  of  which  has 
an  aperture  of  say  f/8,  will   have  an  equal 
rapidity  whatever  their  foci  may  be  and  the 
exposure  required  to  get  a  given  result  will  be 
the  same  in  both  cases.     The  question  that 
had  then  to  be  decided,  was  the  most  con- 
venient sizes  for  the  diaphragms,  and  it  was 
thought  desirable  that  each  stop  or  diaphragm 
should  admit  half  the  light  of  the  preceding 
one.     The  following  series  of  apertures  were 
fixed  upon  to  fulfil  this  condition  : 

Aperture. 

f/4   f/5-6   f/S   f/11-3   f/16   f/22   f/32   f/45  f/64 

Relative  exposure  necessary. 
1       2       4       8       16      32      64      128  256 

The  starting  point  is  considered  to  be  f/4,  in 
which  case  the  aperture  is  a  quarter  of  the 
focus,  and  it  is  only  in  special  cases  that  a 
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,  because  this  expres- 
the  diameter  of  the 
which  is  double  the 


lens  having  a  larger  aperture  than  this  wi]l 
come  into  the  hands  of  the  photographer. 
It  will  be  noticed  in  the  above  list  that  f/4  is 
four  times  as  rapid  as  f/i 
sion  is  the  measure  of 
aperture,  and  a  circle 
diameter  of  another  has  four  times  the  area 
and  admits  four  times  the  light.  It  might  be 
supposed  that  a  measurement  of  the  dia- 
phragm of  the  lens  divided  into  the  focus 
would  give  the  actual  rapidity  ;  this  is  quite 
true  of  a  lens  like  the  single  achromatic,  which 
has  the  diaphragm  in  front.  The  diaphragm 
is,  under  these  circumstances,  the  correct 
measure  of  the  bundle  of  rays  which  strike  the 
lens  and  pass  on  to  the  plate  to  form  the 
image.  On  the  other  hand,  where  the  dia- 
phragm is  placed  between  or  behind  any  of 
the  component  lenses,  the  measure  of  the 
diaphragm  does  not  express  the  size  of  the 
incident  bundle  of  rays  forming  the  image,  for 
the  light,  on  passing  through  the  front  combina- 
tion, has  been  slightly  converged  before  it 
reaches  the  diaphragm  of  the  system. 


Influence 
of  the 
diaphragm 
upon  the 
measure  of 
the  rapidity, 


Figure  54. 


X 


Figure  54  illustrates  two  lenses,  A  and  B;  the 
one  A,  a  single  lens  and  the  other,  B,  a  doublet 
have  similar  sizes  of  diaphragm,  but  in  the 
case  of  A  the  diaphragm  is  in  front  while  in  B 
it  is  between  the  combinations.  In  the  first 
case  the  light  entering  is  restricted  solely  by 
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Nomen- 
clature of 
apertures  by 
different 
makers. 


Rule  for 
comparing 
the  rapidity 
of  lenses 
with 

different 
numbers. 


the  diaphragm,  whose  diameter  is  an  accurate 
measurement  of  the  incident  bundle  of  rays. 
In  the  case  of  B,  the  diameter  of  the  stop, 
although  the  same  as  that  of  A,  instead  of 
allowing  only  those  rays  indicated  by  the 
dotted  lines  XX'  to  pass,  includes  the  larger 
bundle  YY',  which  are  coned  down  by  their 
refraction  through  the  front  lens  ;  it  follows 
that  the  lens  B  is  the  more  rapid  although  the 
diaphragm  measures  are  the  same.  In  this 
case  the  diameter  of  the  bundle  of  rays  YY' 
allowed  to  pass  into  the  camera  is  the  effective 
aperture  of  the  lens,  and  it  is  the  focus  divided 
by  this  quantity  which  enables  a  comparison 
to  be  made  between  lenses  of  varying  foci,  and 
is  the  true  measure  of  the  rapidity. 

An  8-inch  focus  lens  having  an  effective 
aperture  of  1  inch  will  have  a  rapidity 
expressed  by  f/8,  in  the  same  way  a  16-inch 
focus  lens  with  an  effective  aperture  of  2  inches 
will  also  have  a  rapidity  of  f/8,  and  therefore, 
require  the  same  exposure  as  the  8-inch. 
If  in  either  of  the  above  cases  the  diameter 
of  the  diaphragm  instead  of  the  effective 
aperture  had  been  1  inch,  the  lenses  would 
have  had  greater  rapidities,  probably  about 
f/7  instead  of  f/8.  It  is  only  within  recent 
years  that  there  has  been  any  conformity 
among  lens  makers  in  numbering  the  various 
lens  apertures,  and  even  to-day  there  is  a 
chance  of  the  photographer  being  puzzled 
by  unusual  methods  of  nomenclature,  but  the 
following  rule  may  assist  the  possessor  of  an 
abnormal  lens  in  gauging  its  rapidity. 

If  a  lens  be  marked  f/13,  or  some  other 
unusual  aperture,  square  the  denominator,  i.e., 
169,  and  this  number  compared  with  the 
square  of  some  well-known  diaphragm  denomi- 
nator, say  f/8,  8  squared  is  64,  will  give  the 
relative  exposure  required  ;  the  f/13  lens  would 
want  169/64  times  the  exposure  of  the  f/8  lens, 
or  nearly  three  times.    As  another  example, 
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if  the  relative  quantity  of  light  admitted  by  a 
lens  marked  f/4  and  one  marked  f/11'3  is 
required,  square  4,  it  equals  16,  and  11-3 
squared  equals  128,  16  goes  8  times  into  128 
and,  therefore,  the  first  lens  admits  16  times 
the  light  of  the  second  and  is  16  times  as  fast. 

Naturally  a  lens  that  is  twice  as  fast  as 
another  can  be  successfully  used  under  con- 
ditions of  bad  light,  where  the  other  would  be 
useless,  and  rapidity  is  often  a  prime  factor  in 
governing  the  choice  of  a  lens.  In  the  table 
given  on  page  100,  a  second  line  of  figures 
is  shown  indicating  the  relative  exposure 
necessary  to  produce  identical  results  with 
different  stops.  This  series  of  numbers  is 
sometimes  used  either  in  place  of  the  other 
ones  or  in  addition  ;  it  is  called  the  universal 
system,  or  the  U.  S.  numbers  (not  the  United 
States  numbers).  It  is  seldom  employed 
except  in  conjunction  with  the  first  method, 
when  it  is  useful  for  checking  the  exposures. 
The  original  method  for  altering  all  the 
diaphragm  apertures  was  to  place  stops  in 
front  of  the  lens,  whether  a  doublet  or  single, 
but  this  was  soon  found  in  the  case  of  the 
doublet  to  be  injurious  to  the  illuminating  Methods  of 
power  of  the  instrument  at  the  edge  of  the  l^^^^^^^J^^ 
field.  The  correct  position  was  found  to  be  a  lens, 
between  the  lenses,  where  a  small  aperture 
affected  all  parts  of  the  picture  in  the  same 
manner.  In  the  early  days  the  aperture  was 
altered  by  unscrewing  the  lenses  and  dropping 
a  metal  or  cardboard  stop  between  them. 

Col  onel  Waterhouse  simplified  this  by 
arranging  stops  to  slip  into  a  slot  in  the  lens  Waterhouse 
mount,  these  stops  are  known  as  "  Water-  system, 
house"  or  "drop"  stops.  With  each  lens 
a  number  were  supplied,  and  the  changes 
in  aperture  were  limited  to  the  number  of  the 
stops.  Intermediate  sizes  were  impossible, 
except  by  pasting  black  paper  over  the  stop 
and  making  a  fresh  hole,  which  was  unsatis,- 
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Disadvan- 
tages of  the 
system. 


By  the  iris 
diaphragm. 


factory,  and  it  was  evident  some  other  form 
of  diaphragm  was  required. 

The  iris  diaphragm  was  first  introduced  about 
the  year  1885  by  Messrs.  Beck  and  Messrs. 
Lancaster,  and  has  been  subsequently  adopted 
by  all  lens  makers.  Although  it  is  sometimes 
not  an  exact  circle,  it  is  sufficiently  near  for 
all  practical  purposes,  and  this  method  of 
altering  the  aperture,  in  addition  to  its  great 
convenience,  allows  of  the  use  of  any  inter- 
mediate size  that  may  take  the  photographer's 
fancy.  It  has  been  mentioned  that  the  system 
of  numbering  lens  apertures  is  not  yet  uniform 
in  the  Continental  market,  and  the  table 
below  has  been  arranged  as  a  rough  guide 
to  those  who  possess  a  lens  not  numbered  on 
the  R.P.S.  system.  The  table  will  enable  them 
to  translate  the  numbers  on  their  lens  mount 
into  the  R.P.S.  standard. 


Comparative 
table  of 
diaphragm 
numbers. 


Comparative  table  of  Diaphragm 
Numbers. 


f/  R.P.S. 

U.S. 

Zeiss 

Goerz 

Voigt- 

Dallmeyer 

System. 

System. 

System. 

System. 

lander. 

System. 

Beck  and 
Beck-Stein- 

Beck 

and  other 
English 

Zeiss  new 

All  Goerz 
lenses. 

Collinear. 

Dallmeyer 
old  lenses. 

heil  lenses. 

lenses. 

makers. 

f/4 

1 

_ 

f/4-5 

128 

f/5-6 

2 

3 

2 

f/6-3 

64 

4 

^ 

4 

f/7-7 

6 

4 

5 

f/8 

4 

f/9 

32 

9 

f/10 

10 

f/11 

8 

12 

8 

f/12-5 

16 

15 

f/16 

16 

24 

16 

f/22 

32 

48 

f/25 

4 

f/32 

64 

96 

64 

100 

f/45 

128 

192 

200 

f  50 

1 

250 

f/64 

256 

256 
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It  can  hardly  be  expected  that  each  individual 
aperture  of  every  lens  should  be  tested  by  the 
maker,  as  this  would  mean  an  immense  expen- 
diture of  time  altogether  disproportionate  to 
the  value.  In  the  case  of  a  lens  of  the  modern 
orthostigmatic  or  anastigmatic  type,  where 
all  the  curves  are  made  with  the  greatest 
accuracy,  the  foci  of  the  finished  lenses  of  one 
size  will  not  vary,  at  the  most,  by  more  than 
^  inch,  so  that  once  a  series  of  diaphragm 
apertures  are  found  to  be  correct  for  one  lens 
they  will  be  accurate  for  all.  Errors  are 
sometimes  met  with  in  cheap  lenses  made  by 
machinery,  where  the  foci  may  vary  as  much 
as  I  of  the  focal  length,  consequently  the  aper- 
tures which  are  calculated  for  the  average  may 
be  incorrect  to  this  extent  in  individual  cases. 

The  most  suitable  rapidity  to  choose  is  a 
question  that  cannot  always  be  answered 
off  hand.  In  general  terms,  lenses  with  aper- 
tures larger  than  f/6  are  called  extra  rapid 
lenses,  those  between  f/6  and  f/8  rapid  lenses, 
and  those  with  smaller  apertures  than  f/11 
slow  lenses. 

Portrait  lenses,  with  their  very  large,  aper- 
tures, are  a  class  by  themselves,  and  are  of 
little  use  except  for  their  particular  branch  of 
work.  A  great  deal  of  the  best  work  nowadays 
is  being  done  with  lenses  that  are  not  truly 
portrait  lenses  in  the  usual  acceptation  of  the 
word,  but  are  anastigmatic  or  aplanatic  in 
form.  The  modern  orthostigmat  approaches 
the  portrait  lens  in  point  of  rapidity  without 
its  peculiar  limitations;  it  can  be  used  success- 
fully for  portraiture  under  fair  conditions  of 
light,  and  has  an  aperture  in  the  neighbour- 
hood of  f/6.  Where  cost  is  of  little  importance 
it  is  always  advisable  to  have  a  lens  for  land- 
scape, architecture,  instantaneous  or  telephoto 
photography  with  an  aperture  of  f/6,  or  there- 
abouts, as,  when  such  great  rapidity  is  not 
required  the  diaphragm  can  be  used,  and  when 
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they  are  stopped  down  these  anastigmats  are 
equal,  or  superior,  to  any  other  type  with  the 
possible  exception  of  extremely  wide-angle 
lenses. 

Increased  rapidity  means  decreased  depth 
of  definition  and  it  is  best  to  employ  the 
smallest  aperture  on  the  lens  that  the  con- 
dition of  the  light  will  permit.  If  a  snap-shot 
can  be  successfully  taken  at  l-20th  of  a  second 
it  is  better  to  use  this  speed  and  an  aperture 
of  f/16  than  to  open  the  lens  to  f/8  and  give 
l-80th  of  a  second.  This  subject  will  be  more 
fully  treated  of  under  a  subsequent  heading. 


Brilliancy  of  Definition 


Definition. 


Tones  in 
photography. 


Brilliancy  of  definition  is  the  power  possessed 
by  a  lens  of  rendering  the  blacks  in  the  object 
as  blacks  in  the  image,  and  the  whites,  white. 
In  a  lens  possessing  this  property  to  a  marked 
degree  there  will  be  no  levelling  down  of  the 
contrasts,  the  white  will  not  be  grey  or  slightly 
fogged,  and  the  blacks  will  be  jet  black. 

Photography  is  essentially  a  means  of  repro- 
ducing in  monochrome  a  variety  of  coloured 
objects  with  different  luminosities;  its  success 
pictorially  depends  on  the  gradation  of  the 
tints,  and  the  greater  the  variation  of  the 
tints,  the  more  successful  and  convincing  the 
result.  Every  successive  step  between  a  pure 
white  and  an  intense  black  should  be  attained 
in  order  to  differentiate  between  the  innumer- 
able degrees  of  brightness  in  nature.  It  is 
important  to  distinguish  between  the  lowering 
in  tone  produced  by  the  lens,  and  the  similar 
effect  due  to  a  misty  atmosphere  or  to  incor- 
rect exposure  or  development.  By  far  the 
majority  of  flat  negatives  are  due  to  these  latter 
causes,  but  there  are  cases  where  the  lens  is 
to  blame. 
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The  factors  that  govern   the  property  of 
brilliant  definition  are  — 

(1)    The  number  of  reflecting  surfaces  in  Rejecting 
the  system.    In  the  section  on  corrections  it 
was  indicated  that,  to  get  a  brilliant  image, 
there  must  be  no  internal  flare  or  scattering 
of  light  within  the  camera.  If  there  are  a  large 
number  of     air "    surfaces,   there   is   more  Air 
chance  of  the  brilliancy  of  the  result  being  surfaces, 
affected.    Cemented  surfaces  have  no  appre- 
ciable effect.      A  single  achromatic  lens  (a 
spectacle  lens  is  not  considered)  gives,  if  of  - 
good  quality,  the  most  brilliant  images  (this 
term  brilliancy  must  not  be  confounded  with 
critical   definition),    and    a    glance    at  the 
diagrams  of  the  various  types  of  lenses  (figures 
55-59)  will  show  why  this  lens  stands  highest 


Figure  55. 


Figure  56. 


Figure  57. 


Figure  58. 


Figure  59. 


on  the  scale.  It  should  not  be  forgotten  that 
this  lens,  unless  carefully  designed,  may  suffer 
from  a  serious  flare  spot  (figure  44,  page  78). 

(2)  Mechanical  defects.  The  quality  of  the 
polish  of  the'  lens  surfaces,  explained  later 
when  discussing  "scattering"  (see  the  con- 
clusion of  this  section),  if  it  be  bad,  throws 
a  good  deal  of  useless  light  into  the  camera. 
Mechanical  defects  may  be  due  to  bad 
mounting,  so  that  light  is  reflected  on 
to  the  plate  by  unblaekened  screw  threads  or 
other  parts  of  the  mount,  to  the  detriment  of 


Effect  of  bad 
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the  image.  The  interest  attaching  to  the  pro- 
perty of  brilliant  definition  in  various  lenses  is 
one  that  is  of  only  secondary  importance. 
The  greater  the  briUiancy  of  definition  the 
greater  the  value  of  the  lens  to  the  photo- 
grapher, and  a  lens  with  the  least  number  of 
open  surfaces  is  the  best  in  this  respect,  but 
the  better  lenses  by  all  makers  of  repute, 
provided  they  have  not  more  than  four  outside 
surfaces,  leave  little  to  be  desired.  No  one 
would  continue  to  use  a  single  lens  in  place  of 
an  orthostigmat  simply  because  the  latter  gave 
slightly  less  theoretical  brilliancy.  Its  other 
advantages  far  outweigh  this  hypothetical 
disadvantage. 

Indeed,  it  is  often  impossible  to  see  the 
difference  between  the  performance  of  a  lens 
with  two  reflecting  surfaces  and  one  with  four, 
but  with  one  having  6,  8  or  10  a  difference 
becomes  apparent.  There  is  one  connection 
where  this  question  becomes  of  premier 
importance,  and  that  is  in  choosing  a  lens  to 
use  with  a  telephoto  attachment.  In  this  case 
the  negative  lens  in  itself  has  two,  or  perhaps 
four,  reflecting  surfaces,  and  if  the  positive 
has  more  than  four  the  results  may  tend 
towards  milkiness.  It  is  difficult,  without  the 
use  of  a  screen  and  orthochromatic  plates, 
to  get  rid  of  the  atmospheric  "  blue  haze  " 
in  pictures  of  distant  views,  and  all  avoidable 
errors  which  tend  to  augment  this  effect 
should  be  ^ot  rid  of. 


Definition. 
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Area  of  Critical  Definition. 

By  area  of  critical  definition  is  meant  the 
area  of  that  portion  of  the  image  which  is 
critically  sharp.  It  has  no  reference  to  the 
size  of  the  field,  as  the  lens  may  give  a  large 
picture,  the  central  portion  only  of  which  is 
well  defined.  The  area  of  the  circle  of  critical 
definition  is  measured  by  the  diameter  of  that 
circle  of  the  picture  on  the  photographic  plate, 
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which  shows  no  sign,  with  a  moderate  magnifi- 
cation, of  any  blurring  of  the  image  produced 
by  such  defects  as  spherical  aberration,  curva- 
ture of  field,  astigmatism,  etc.  Points  of  light 
should  be  represented  by  dots  smaller  than 
1-100  inch  in  diameter  to  be  considered  as 
being  rendered  critically. 

The  standard  taken  will  be  about  1-200  inch. 
A  lens  that  may  cover  the  whole  of  a  ^-plate  Standard 
sufficiently  sharply  for  ordinary  contact  prints  ^eHnition 
may  have  a  much  smaller  area  of  critical 
definition.  On  the  other  hand,  there  are  lenses 
that  will  render  points  of  light  as  circles  very 
much  smaller  than  the  standard,  but  the 
photographic  plate  would  not  possess  a  fine 
enough  emulsion  to  differentiate  between 
such  delicate  details  except  in  telephoto  work, 
where  the  image  is  optically  magnified. 

Factors   governing    the    area    of  critical 
definition  : — 

(1)  The  optical  construction  of  the  lens. 

(2)  The  position  and  size  of  the  stop. 

(3)  The  length  of  focus  of  the  lens  in  use. 

Achromatism,  spherical  aberration,  astigma- 
tism and  curvature  of  field  must  be  accurately  Optical 
corrected  to  secure  the  finest  results.    The  factors. 

lenses  must  be  properly  mounted  so  that  there 
shall  be  no  error  introduced  by  bad  centring 
or  incorrect  separation  of  the  combinations, 
and  the  actual  holding  of  the  individual  lenses 
in  their  cells,  so  that  no  strain  is  put  upon 
them,  is  a  sine  qua  non.  There  will  be  no  critical 
definition  unless  these  errors  are  attended  to, 
and  the  degree  to  which  they  are  eliminated 
will  govern  the  size  of  the  area  of  critical 
definition.  In  the  finest  lenses  these  errors  are 
so  completely  corrected  that  the  definition" 

When  speaking  of  the  definition  that  a  lens  will  give,  it  is  always  in 
relation  to  the  image  of  objects  lying  in  the  same  plane,  and  not  in  differ- 
ent planes.  The  photographer  must  not  test  his  lens  for  critical  definition 
at  full  aperture  on  a  street  S3cne,  but  upon  a  hoarding  or  level  surface.  It 
may  not  be  so  pictorially  attractive,  but  its  practical  value  as  a  test  is 
higher. 
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will  not  fall  off  over  the  whole  surface  of  the 
plate. 

Plates  XI.,  XII.  and  XIII.  are  reproductions 
of  photographs  of  a  test  chart  taken  with  three 
representative  types  of  lenses  at  full  aperture, 
showing  the  difference  in  the  size  of  the  area 
of  critical  definition.  The  examples  are  all 
taken  with  lenses  of  approximately  the  same 
focus.  In  order  to  cover  the  whole  of  any 
standard  size  plate,  the  following  areas  of 
critical  definition  are  necessary. 

Table  of  Areas  of  Critical 
Definition. 
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Plate. 

Area 
of  Critical 
Definition. 

Length  of  Focus  of  the  Lens  required 
to  cover  them. 

Single  View 
f/16. 

Rapid 
Rectilinear 
f/11. 

Orthostigmat 
f/6-3. 

3Jx3i 
5  x4 

^x^ 

7  x5 
8ix6i 
10x8 
12x10 

H 

6i 
8 

8i 
12f 

5  in. 
6i„ 
8 

10 
12 
16 
19 
22 

4}  in. 
5* 

8i„ 

12 
14 
18 

3iin. 
41  „ 
4f  „ 
6 

6i  „ 
Si  „ 
10 

Relative 
perfection  of 
lenses  in  this 
respect. 


It  will  be  noticed  that  the  rapid  rectilinear 
and  single  view  lenses  are  decidedly  inferior 
in  their  corrections  to  the  orthostigmats 
(anastigmats),  and  the  above  table  fairly  repre- 
sents their  qualities  so  far  as  those  of  shorter 
focus  are  concerned — but  it  is  somewhat  too 
favourable  to  the  rapid  rectilinear  and  single 
view  for  foci  longer  than  9  inches.  Inferior 
correction  is  more  readily  noticeable  in  long 
than  in  short  focus  lenses.  To  obtain  really 
critical  definition  over  large  plates  with  single 
view  and  rapid  rectilinear  lenses  necessitates 
the  use  of  small  stops. 
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(2)    The  position  and  size  of   the  stop  or 
diaphragm  : — The  determination  of  the  correct 
position  for  the  stop  in  a  single  view  lens  is  in  Position 
the  first  instance  decided  by  the  optician,  but  of  the 
the   photographer   can    sometimes   make   a  ^^i^pl^ragm. 
decided  improvement  in  a  cheap  lens  by  a 
slight  alteration  of  the  position  of   the  dia- 
phragm.   In  the  case  of  a  doublet  or  triplet 
the  amount  of  possible  movement  is  restricted 
by  the  separation  of  the  two  combinations  of 
the  system  between  which  the  iris  is  placed, 
and  it  cannot,  therefore,  materially  influence 
the  result. 

The  accepted  method  of  mounting  the  single 
view  lens  (the  greater  number  of  which  are 
meniscus  in  form)  is  with  the  stop  or  iris 
diaphragm  at  a  distance  of  about  1-5  of  the 
focal  length  from  the  concave  surface  of  the 
lens  (figure  61),  this  being  the  position  at  which 
the  good  definition,  flatness  of  field  and  angle 
of  view  are  at  their  maximum.  If  one  quality  Influence  of 
is  in  excess,  it  is  at  the  expense  of  the  others,  the  position 
thus  if  the  diaphragm  is  moved  towards  the  o^*l^«stop. 


lens  (figure  60)  from  the  best  position  the 
angle  of  view  increases  rapidly,  the  field 
becomes  more  and  more  curved,  and  the  area 
of  critical  definition  is  rapidly  restricted.  A 
very  large  plate  may  by  this  means  be  illumi- 
nated, but  the  area  of  perfect  definition 
is  small. 

To  illustrate  this  point  plates  XIV.  and  XV. 
have  been  prepared,  the  first  is  taken  with  a 
single  lens  of  8^-inch   focus,  with   the  dia-  of  influence 
phragm  f/12-5  close  to  the  lens,  and  the  second  of  position 
with  the  diaphragm  at  the  same  aperture  but  of  stop, 
at  a  distance  of  2  inches  from  the  same  lens. 


Illustration 
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The  area  of  critical  definition  in  the  one  case 
is  represented  by  a  circle  not  more  than  3 
inches  in  diameter,  while  the  latter  is  as  much 
as  6  inches.  This  great  difference  is  obtained 
by  merely  altering  the  position  of  the  stop. 
The  size  of  the  stop  materially  affects  the  area 
of  critical  definition.  The  smaller  the  stop  the 
larger  the  area.  This  is  true  within  limits, 
but  should  the  aperture  be  so  reduced  that 
diffraction  (see  page  14)  sets  in,  the  definition 
will  be  reduced.  It  also  largely  depends  on 
the  nature  of  the  lens,  as  certain  errors  are 
more  readily  cured  than  others  by  a  reduced 
aperture.  It  has  usually  been  assumed  that 
a  stop  smaller  than  f/72,  that  is  1-72  of  the 
focus,  should  not  be  used  on  this  account.  In 
short  focus  lenses  this  is  probably  true,  but 
practical  experience  does  not  bear  this  out  in 
the  use  of  lenses  of  very  long  focus.  See  the 
section  on  special  lenses  (telephotography). 

(3)  Length  of  focus  of  the  lens  in  use: — It 
may  seem  almost  unnecessary  to  point  out 
that  the  area  of  critical  definition  increases 
with  the  length  of  focus  of  the  lens.  A  glance 
at  any  maker's  catalogue  will  show  that  to  take 
photographs  on  a  large  plate  a  long  focus  lens 
is  required.  This  increase  is  not  proportional  to 
the  increase  in  focus,  particularly  with  lenses 
other  than  the  high-class  modern  orthostig- 
mats  (anastigmats),  as  it  is  impossible  to  make 
an  R.R.  of  20-inch  focus  that  will  give  at  full 
aperture  the  same  relative  definition  as  a 
9-inch  or  a  5-inch. 

Plates  XVII.  and  XVIII.  indicate  this,  they 
are  reproductions  from  the  centre  of  the  field 
of  a  20-inch  and  a  7-inch  R.R.,  and  explain 
what  is  meant  better  than  words  can  do. 

The  effect  of  the  area  of  critical  definition  : — 
The  careful  photographer  will  not  be  long  in 
discovering  the  extent  of  this  area  in  his  lens 
with  its  various  apertures,  particularly  if  it  is 
a  small  quantity ;  for  when  using  the  open 
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aperture  there  will  be  a  falling  off  more  or  less 
marked  at  the  corners  of  the  plate  ;  and  to  what 
extent  it  will  injure  his  work  will  depend  on 
circumstances.  Portraiture  or  genre  studies 
usually  require  that  the  object,  or  objects,  of 
interest  should  be  in  or  near  the  centre  of  the 
field,  and  the  corners  being  blurred  may  be  of 
little  consequence  and  may  even  be  helpful  in 
that  it  will  throw  up  the  points  of  interest  in 
the  picture,  but  should  the  work  be  archi- 
tectural or  purely  landscape  the  error  will  not 
be  permissible.  If  the  lens  is  by  a  reputable 
maker  all  that  can  be  done  is  to  use  a  smaller 
aperture,  when  the  area  of  good  definition  may 
be  increased  to  any  reasonable  extent. 

In  plates  XIV.  and  XV.  examples  were 
given  of  results  obtained  with  a  single  lens. 
The  diaphragm  being  in  different  positions  the 
same  result  could  have  been  obtained  by 
stopping  down  the  lens.  Plate  XVI.  indicates 
this  and  illustrates  the  method  of  improving 
the  area  of  critical  definition.  Naturally  in 
this  latter  case  some  rapidity  has  been  sacri- 
ficed, but  by  this  means  a  larger  area  can  be 
obtained  than  by  the  first  method. 

An  orthostigmat  (anastigmat)  m.ay  be  reason- 
ably expected  to  cover  at  full  aperture,  the 
plate  for  which  it  is  catalogued,  and  if  this  is  not 
the  case  the  lens  has  been  incorrectly  adjusted. 
If  the  lens  is  one  of  short  focus,  mounted  in  a 
shutter  of  the  between  the  lens  "  type,  the 
separation  of  the  combinations  may  have  been 
unduly  increased  to  allow  of  the  necessary 
room  for  the  shutter-plates  and  diaphragm. 
When  a  lens  is  to  be  used  in  a  camera  possess- 
ing a  cross  and  rising  front,  its  area  of  critical 
definition  should  be  larger.  The  size  of  this 
circle  depends  on  the  focus  as  well  as  upon  its 
quality  from  an  optical  point  of  view,  and  it  is 
quite  possible  to  select  a  rapid  rectilinear  or 
single  view  lens  that  has  an  area  of  critical 
definition,  as  large  as  that  of  an  orthostigmat 


Critical 

definition 

and 

portraiture. 


Effect  of 
incorrect 
separation. 


114 


(anastigmat)  of  shorter  focus.  Thus  an  8J- 
inch  Autograph  Rapid  Rectilinear  will  have 
as  large  a  circle  at  f/8  as  a  4f-inch  Beck- 
Steinheil  Orthostigmat  at  f/6-3  ;  an  increased 
circle  can,  therefore,  be  obtained  either  by 
procuring  a  better  lens  or  one  of  a  longer  focus 
of  the  less  expensive  type/'- 

Equality  of  Illumination. 

By  equality  of  illumination  is  meant  the 
power  of  a  lens  to  throw  as  much  light  to  the 
edge  of  the  field  as  to  the  centre: — If  a  lens 
illuminates  the  edges  of  the  field  as  brilliantly 
as  the  centre,  the  equality  of  illumination  will 
be  perfect ;  but  if  the  light  gradually  fades 
away  from  near  the  centre  to  the  edge,  the 
reverse  is  the  case.  There  is  no  lens  which 
gives  perfect  equality  of  illumination  over  the 
whole  field  of  view  at  full  aperture,  but  there 
are  many  sufficiently  good  to  produce  no 
appreciable  difference  in  the  photograph. 
When  the  defect  is  pronounced,  a  partially 
vignetted  picture,  bright  in  the  centre  and 
shading  off  towards  the  edge,  is  the  result. 


Figure  63  represents  a  lens  of  the  rectilinear 
type  having  a  stop  O  placed  in  the  centre.  A 
bundle  of  rays  AA',  parallel  to  the  axis  of  the 


*  No  reference  is  made  in  this  connection  to  the  fact  that  using  a 
longer  focus  lens  means  less  depth  of  definition  which,  under  certain 
circumstances,  might  be  of  more  importance  than  the  increased  circle  of 
critical  definition.    This  has  been  fully  discussed  previously. 
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lens  coming  from  a  distant  luminous  source, 
will  pass  entirely  through  the  lens  and  will  be 
brought  to  a  focus  at  X.  The  intensity  of  this 
point  of  light  at  X  will  be  directly  measured  by 
the  effective  aperture  of  the  lens.  Another 
bundle  of  rays  not  parallel  to  the  axis  will  inequality  of 
form  the  image  of  an  object  at  the  side  of  the  illumination, 
picture :  these  rays  will  also  pass  into  the 
lens,  but  a  certain  small  part  only  will  emerge, 
all  those  between  B'  and  the  dotted  line  being 
unable  to  take  part  in  the  formation  of  the 
image  at  X'.  Consequently  the  image  point  at 
X'  will  not  be  so  bright  as  that  at  X  ;  it  will 
take  longer  to  impress  the  image  of  an  object 
at  the  edge  of  the  field  upon  the  photographic 
plate — the  difference  being  directly  propor- 
tionate to  the  volume  of  the  cone  of  light 
taking  part  in  the  formation  of  the  two  images. 
If  the  still  more  oblique  rays  CC  are  examined, 
the  defect  will  be  still  more  apparent,  until  a 
point  is  reached  where  the  rays  are  so  oblique 
that  none  can  pass  the  lens.  There  must  be 
some  position  in  the  field  of  every  lens  where 
the  illumination  begins  to  fall  off,  but  in  those 
of  the  best  make  this  is  near  the  extreme  edge 
of  the  field  of  view.  Naturally  it  would  bo 
preferable  to  have  the  field  both  bounded  by  a 
clear  cut  line,  and  fully  illuminated  up  to  this 
point,  for  it  would  then  be  possible  to  use  the 
full  circle  if  desired. 

The  degree  of  this  error  is  measured  by  the 


proportion  borne  by  the  shaded-off  part  to  the 
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remainder.  In  figure  63,  A  represents  the 
Comparison  circle  of  illumination  of  a  lens,  and  is  6  inches 
offllumin-  diameter,  while  B  is  that  of  a  lens  of  the 
ation  in  same  focus  giving  a  field  4  inches  in  diameter, 
different  In  both  cases  the  shading  off  begins  1  inch  from 
lenses.  the  edge  of  the  field,  but  for  this  reason  it  is 

not  fair  to  say  that  the  lens  A  has  the  same 
equality  of  illumination  as  B,  or  that,  from  the 
point  of  view  of  equality  of  illumination,  the 
two  lenses  are  equal.  Lens  A  badly  illumi- 
nates only  one-third  of  the  total  field  while  B 
badly  illuminates  half,  therefore  A  is  some 
17  per  cent,  better  than  B  in  this  respect. 

Factors  governing  the  question. 

(1)  The  distance  apart  of  the  constituent 

lenses. 

(2)  The  diameter  of  the  lenses. 

(3)  The  size  of  the  diaphragm. 

In  the  case  of  the  single  view  lens  a  proper 
adjustment  of  the  stop  enables  a  perfect 
equality  of  illumination  to  be  obtained,  but  in 
other  lenses  the  position  of  the  diaphragm  is 
settled  by  other  considerations,  and  equality 
of  illumination  must  be  arrived  at  by  the  size 
of  the  lenses  in  relation  to  the  aperture  of  the 
diaphragm. 

The  larger  the  component  lenses  in  relation 
to  the  aperture,  or  the  smaller  the  stop  with 
the  same  lens,  the  more  perfect  the  equality 
of  illumination. 


Figure  64.  Figure  65. 

To  explain  this  point,  let  figure  64  represent 
a  lens  of  the  orthostigmatic  type  with  full-sized 
combinations,  and  let  figure  65  be  the  same 
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lans  with  same  diameter  of  effective  aperture, 
but  with  the  combinations  reduced  in  size. 
Let  AA'  be  the  central  and   BB'  the  most  The  larger 
oblique  bundle  of  rays  in  each  case,  that  will  the  lens  in 
completely  pass  through,  and  X  and  X'  the  ^j^^ 
positions  on  the  focal  plane  of  their  respective  fcetterTh/^ 
focal  points.    It  is  quite  clear  without  further  illumination, 
explanation  that  the  first  lens  gives  much  the 
better   equality   of   illumination.      This  also 
indicates  an  interesting  point — a  lens  should 
not  be  used  with  a  shutter  too  small  to  properly 
accommodate  it,  or  it  will  not  be  used  to  its 
best  advantage. 

Figure  66  will  illustrate  why  stopping  down 
improves  the  equality.    In  II.  (figure  66)  the 


Stopping 
down 

improves  the 
equality  of 
illumination. 


aperture  is  evidently  much  smaller  than  in  I., 
and  if  the  same  reasoning  is  applied  as  in  the 
previous  case  (figure  65)  it  will  follow  that  the 
illumination  is  better. 

Angle  of  the  system  : — The  greater  the 
angle  of  view  included  by  the  lens  system, 
the  larger  must  be  the  lenses  if  the  equality 
of  the  illumination  is  not  to  be  impaired. 

In  figure  67  a  lens  is  represented  having  the 
power  of  including  an  unusually  large  angle  of 
light  without  any  being  stopped  by  the  mount- 
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ing  or  margins  of  the  lenses.    Suppose  the  lens 


Figure  67 


Effect  of 
wide  angle. 


Effect  of  bad 
mounting. 


to  be  3  inches  equivalent  focus,  then  the  central 
pencil  AA'X  will  come  to  a  focus  3  inches  from 
the  diaphragm,  while  the  pencil  BB',  falling 

3  inches  away  from  the  axis,  will  be  over 

4  inches  long:  consequently  the  images  of 
the  two  equally  luminous  points  are  represen- 
ted at  X  and  X'  by  two  points  of  different 
actinic  value,  so  that  if  the  exposure  be 
correct  for  X  it  will  be  insufficient  for  X'. 

The  reason  for  this  is  well  known  :  the 
intensity  of  light  commg  from  a  point  or 
luminous  source  decreases  as  the  square  of 
the  distance.  An  extreme  case  has  been  taken 
as  an  illustration,  as  it  is  only  in  exceptionally 
wide-angle  lenses  that  it  is  apparent.  If  a 
curved  plate,  as  illustrated  by  the  dotted  line, 
had  been  used  the  illumination  would  have 
been  perfect. 

Effect  of  equality  of  illumination: — The 
unsuitable  mounting  of  a  lens  may  destroy,  or 
rather  reduce  the  quality  of  the  marginal 
illumination.  The  marginal  illumination  will 
suffer  unless  the  entire  cone  of  rays.be  allowed 
to  pass  to  the  plate.     A  carelessly  designed 
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hood  (li.s^urc  G8,  A)  or  a  badly  designed  lens 
cell  (B)  has  (lie  ramc  effect.  A  shutter,  also, 
wh.ich  opens  and  closes  from  the  centre  can 
only  be  placed  next  the  diaphragm  without 


Figure  68. 


ruining  the  illumination  for  a  similar  reason. 
If  a  lens  is  listed  to  cover  a  given  plate  it  is  Effect  of 
generally  understood  to  mean  that  the  equality  prolonged 
of  the  illumination  will  be  perfect  over  that  «xpos«r«- 
plate  as  well  as  the  definition.  When  the 
defect  exists  it  can  be  improved  by  giving  a 
full  exposure,  slightly  longer  than  is  apparently 
required  ;  for,  if  the  centre  is  only  just  suffi- 
ciently exposed  to  gather  density  with 
prolonged  development,  the  less  exposed 
m^argins  will  be  under-exposed.  If,  on  the 
other  hand,  the  edges  are  correctly  exposed 
the  centre  will  be  slightly  over-exposed,  but  as 
most  plates  give  considerable  latitude  for 
over-exposure,  a  good  negative  will  result.  If 
the  area  of  equal  illumination  is  as  large  as  the 
plate  it  will  suffice;  though  a  larger  area  is 
convenient  to  allow  of  the  use  of  the  rising  or 
cross  front. 

The  portrait  lens  is  the  worst  offender  in  the  Relative 
above  respect,  which  is  one  of  the  reasons  why  merits  of 
it  is  being  superseded  by  the  rapid  orthostig-  J^^^^^rent 
mats  for  group  work.    Stopping  down  is  rarely  oHenses. 
of  much  use  with  portrait  lenses,  as  it  often 
induces  flare  spot.     A  large-aperture  rapid 
rectilinear  form  of  lens,  such  as  the  Biplanats 
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equalizing 
the 

illumination. 


(f/5-8),  will,  when  stopped  down,  have  a  very 
much  larger  field  of  equal  illumination  than 
an  f/8  rapid  rectilinear,  for  its  combinations 
are  of  necessity  large  and  are  fairly  close 
together  (see  figures  64  and  65).  The  ortho- 
stigmats  (anastigmats)  are  the  rxarest  to 
perfection  in  this  respect,  and  there  is  little 
reason  to  suppose  that  they  will  be  materially 
improved  in  the  near  future.  Aperture  for 
aperture,  an  orthostigmat  will  have  an  area  of 
perfect  illumination  of  almost  double  a  rapid 
rectilinear. 

A  method  of  equalizing  the  illumination  of 
lenses  of  very  wide  angles,  say  120°  and  over, 
has  been  suggested,  in  which  a  star-shaped 
diaphragm  is  placed  over  the  front  lens.  This 
cuts  off  more  of  the  central  light  than  the 
oblique,  but  is  a  method  of  hardly  sufficient 
utility  to  commend  itself  to  the  practical  man. 


Angle  of  View. 

By  angle  of  view  is  meant  the  amount  of 
view  which  a  lens  is  capable  of  including  within 
its  circle  of  illumination.  Suppose  a  camera 
is  erected  opposite  a  row  of  houses,  a  lens 
with  a  large  angle  of  view  might  include  10  or 
12  of  these  in  the  picture,  while  a  narrow  angle 
lens  might  only  take  in  2  or  3.  It  must  be 
understood  that  a  lens  called  a  wide-angle  lens 
is  so  made,  that,  although  it  is  capable  of 
includmg  a  wide  angle  in  the  field  of  illumi- 
nation, it  will  only  do  so  if  used  on  a  large 
enough  plate,  as  compared  with  its  focus. 

Every  lens  of  the  same  focal  length  used  on 
the  same  plate  embraces  the  same  angle  of 
view — it  is  the  focal  length  of  a  lens  in  relation 
to  the  plate  that  determines  the  angle  included. 
Straight  lines  joining  the  different  points  in 
the  object  which  is  to  be  photographed  and 
the  corresponding  points  in  the  image  pass 
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approximately  through  a  point  that  is  in  the  Perspective 
centre  of  the  diaphragm  ;  this  point  is  called  centre  of  the 
the  perspective  centre  of  the  lense 


Figure  69. 


Let  A  be  a  lens  of  5-inch  focal  length, 
illuminating  a  circle  of  10  inches,  i.e.,  90°, 
while  B,  though  of  the  same  focus,  illuminates 
but  a  6-inch  circle,  they  will  both  illuminate 
a  J-plate,  and  the  angle  of  the  picture  photo- 
graphed, as  indicated  in  figure  69,  will  be  the 
same,  namely,  about  46°,  but  if  the  lens  A  had 
been  used  on  a  larger  camera,  90°  might  have 
been  included.  A  4f-inch  Beck- Steinheil 
Orthostigmat  is  generally  used  on  a  quarter- 
plate,  and  is  then  a  medium  angle  lens 
embracing  some  46°,  whereas  it  will  cover  a 
7x5  plate,  and  is  then  a  truly  wide-angle  lens 
including  over  80°.  It  would  hardly  be  fair, 
therefore,  to  say  this  lens  is  not  a  wide-angle 
one,  merely  because  it  is  not  always  used  as 
one. 

When  speaking  of  the  extent  of  the  angle  Method  of 
of  view  in  relation  to  the  plate  used  there  stating  angle 
are  two  methods  of  stating  it,  which  produce  of  view, 
different  results.    In  the  first  case  the  angle 
subtended  is  measured  by  the  base  line  of 
the  plate  AB  (figure  70),  in  the  second  by 
CD,  which  is  the  diagonal  of  the  plate.    It  is 
clear  that  if  the  plate  be  twisted  round  CD 
is  longer  than  AB,  and  as  either  AB  or  CD 
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Figure  70. 


may  be  taken,  there  can  be  two  readings;  for 
instance,  a  5-inch  lens  on  a  ^-plate  will  include 
either  46°  or  57°,  according  to  whether  the 
base  or  diagonal  of  the  plate  be  considered. 
The  diagonal  nneasurement  is  only  useful  in 
the  selection  of  a  lens.  It  is  essential  that  its 
angle  of  view,  in  other  words,  its  area  of 
illumination,  should  be  sufficient  to  include  the 
corners  of  the  plate.  But  the  measurement  of 
the  angle  of  the  picture  itself  is  always  con- 
sidered from  che  longest  side  of  the  plate  AB, 
and  not  its  diagonal.  Suppose  the  horizon 
falls,  as  is  usual,  parallel  to  the  base,  it  is  clear 
that  the  only  sensible  method  to  adopt  in 
expressing  the  angle  of  the  picture  is  the 
base  of  the  plate,  which  describes  the  extent 
of  the  horizon.  It  is  true  that  objects  do 
exist  at  the  corners  of  the  plate,  but  until 
it  is  customary  to  use  the  plate  tilted  so  that 
the  horizon  stretches  from  corner  to  corner  it  is 
unlikely  that  the  measure  of  the  angle  of  view 
included  will  be  expressed  in  any  other  way. 
Classifica-  Lenses  are  classified  as  wide,  medium  or 
tion  of  narrow  angle,  according  to  the  diameter  of  the 

lenses.  maximum  circle  they  illuminate,  but  the  angle 

of  view  included  in  the  photographs  taken  with 
them  is  the  length  of  the  base  of  the  plate 
compared  with  the  focus  of  the  lens. 

If  the  equivalent  focus  of  a  lens  be  divided 
into  the  longest  side  of  the  plate  used,  or  into 
the  diameter  of  its  circle  of  illumination,  the 
angle  included  in  the  picture  in  the  first  case, 
or  the  utmost  possible  angle  that  could  be 
included  in  the  latter  case,  can  he  determined 
at  once  by  reference  to  the  attached  table. 


123 


If  the 

The 

If  the 

The 

If  the 

The 

quotient  is 

angle  is 

quotient  is 

angle  is 

quotient  is 

angle  is 

Degrees. 

- 

Degrees 

Degrees, 

•282 

16 

•748 

41 

1-3 

66 

•3 

17 

•768 

42 

1-32 

67 

•317 

18 

•788 

43 

1-36 

68 

•335 

19 

•808 

44 

\-375 

69 

•353 

20 

•828 

45 

1-4 

70 

•37 

21 

•849 

46 

1-427 

71 

•389 

22 

•87 

47 

1-45 

72 

•407 

23 

•89 

48 

\'^S 

73 

•425 

24 

•911 

49 

\'5 

74 

•443 

25 

•933 

50 

1-53 

75 

•462 

26 

•954 

51 

1-56 

76 

•48 

27 

•975 

52 

V59 

77 

•5 

28 

1- 

53 

1-62 

78 

•517 

29 

1-02 

54 

1-649 

79 

•536 

30 

rC41 

55 

1-678 

80 

•555 

31 

\-063 

56 

1-7 

81 

•573 

32 

1-086 

57 

1-739 

82 

•592 

33 

M08 

58 

1^769 

83 

•611 

34 

1-132 

59 

\-s 

84 

•631 

35 

M55 

60 

85 

DO 

oD 

1  •  1  7P 
1  I/O 

0  1 

1  oDO 

OD 

•67 

37 

1-2 

62 

r898 

87 

•689 

38 

1-225 

63 

\-9S\ 

88 

•708 

39 

1-25 

64 

1-965 

89 

•728 

40 

1-274 

65 

2- 

90 

Table  of 
angles  of 
view. 


Example. —  Given  a  lens  of  13  inches  equivalent  focus;  required,  the 
angle  included  by  it  on  plates  respectively  3|  x  4|,  4^x6^,  6^x8^,  8x10, 
lOx  12,  and  11  x  14. 

(1.)  Dividing  4*25  by  13,  we  have  as  quotient  "327 — midway  between 
the  decimals  "317  and  •335  of  our  table;  therefore  the  required  angle  is 
18^30'.  Similarly 


(2.) 
(3.) 
(4.) 
(5.) 

(6.) 


65 
8^5 

10 

12 

14 


13  =  ^5  ;  corresponding  to  28  Degrees. 

13  =  •a54;  ,,  „  36 

13  =  -77;  ,,  42j 

13  =  -923;  ,,  49^ 

13  =  1-08;  ,,  ,,  57 


Lenses  that  will  include  angles  from  3°  to  10° 
are  special  narrow-angle  lenses,  such  as  tele- 
scope objectives  and  telephoto  lenses.  Those 
including  angles  up  to  35°  can  be  considered 
as  ordinary  narrow-angle,  those  up  to  60°  as 
medium-angle,  and  those  up  to  90°,  100°  or 
more  as  wide-angle  lenses. 

Effect  of  the  angle  of  view: — The  obvious 
advantage  of  making  a  lens  with  a  wide  angle 


Nomen- 
clature of 
lenses. 
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is  that  it  may  be  used  on  a  large  plate  as  corn- 
Effect  of  ^  pared  with  its  focus,  and  thus  include  an 
angle  of  view  extended  angle  of  view  when  it  is  necessary  to 

do  so.    There  is,  however,  another  advantage 

scarcely  less  important. 


\ 


Let  A  and  B  (figures  71  and  72)  represent 
the  circles  of  illumination  of  two  lenses  of  the 
same  focus,  say  6  inches,  and  including  two 
different  angles  of  view,  A  56^^  and  B  90^ 
The  diameter  of  their  respective  fields  will 
be  6  inches  and  12  inches.  In  figure  71 
the  centre  of  the  plate  (a  J-plate)  coincides 
with  the  axis,  and  both  lenses  cover  it  equally 
well.  In  figure  72  the  axis  of  the  lens  is 
dropped  2  inches  and  moved  at  the  same  time 

Cross  and      2  inches  to  the  right  (or  the  plate  to  the  left). 

rising  ron  s.  ^his  represents  the  combined  use  of  the  cross 
and  rising  front.  Now,  in  A  (figure  72)  the 
plate  is  only  partially  covered,  and  a  photo- 
graph taken  under  these  conditions  would  be 
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useless.  While  in  B,  owing  to  its  larger  circle 
of  illumination,  it  covers  the  whole  plate.  It 
is  quite  fair  to  catalogue  the  lens  A  as  covering 
a  J-plate,  which  is  strictly  correct,  but  when  it 
comes  to  actual  practice  the  comparative  value 
of  the  two  lenses  is  by  no  means  the  same. 

There  are  so  many  cameras  where  a  rising 
and  cross  front  is  fitted,  that,  before  purchas- 
ing a  lens,  the  maximum  angle  of  view  or  the 
circle  of  illumination  should  be  ascertained. 
The  following  table  will  show  the  minimum 
circle  required  when  a  rising  or  cross  front 
is  in  use. 


Maximum 

Minimum 

Plate  in 

z  mount  of 

circle  of 

use 

Focus  of  Lens 

rising  front 

illuminaticn 

Extreme 

in  inches. 

in  inches. 

required 

necessary 

angle  of  view. 

in  inches. 

in  inches. 

4jx  Si 

4-    5  5\ 

1   u  i; 

6.V  6J 

67°  67°  68° 

5x4 

6  6J 

U  U  2 

8     8  8S 

72°  67°  68° 

6ix  4J 

6.V    7  7i 

2    2i  2' 

lO.UOJ  11 

78°  74°  72° 

7x5 

71    8i  9 

24  24  2i 

lU  114  11^ 

81°  69°  65° 

8.ix  6i 

94  lOi  11 

3    Si  3] 

14   lU  14, 

72°  70°  66° 

10  X  8 

13  16  18 

34  4  5 

16.^  19 

65°  58°  53° 

12  xlO 

14  18  22 

31  4  6 

19420"  23 

68°  59°  56° 

Many  lens  makers  state  the  circle  of  illumina- 
tion or  the  extreme  angle  of  view  of  their 
lenses,  from  which,  in  combination  with  the 
above  table,  the  most  suitable  lenses  for 
general  work  can  be  selected.  For  example, 
the  Series  1.  Beck-Steinheil  Orthostigmat 
includes  85°,  although  it  is  only  listed  as  suitable 
for  a  J-plate ;  it  can,  therefore,  be  used  for 
^-plate  or  even  5x4  with  movement  of  the 
rising  front  of  an  inch  or  more.  It  may  be 
expected  from  the  above  that  a  lens,  for  what- 
ever purpose  it  is  to  be  used,  should  possess  a 
large  angle.  This  is  theoretically  true,  but  to 
make  a  rapid  lens  embrace  a  wide  angle  is  a 
costly  and  difficult  matter,  involving  as  it 
does  larger  lenses  and  better  corrections,  and 
it  has  only  been  satisfactorily  accomplished 
in  a  few  types,  such  as  the  Orthostigm.ats, 
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Anastigmats,  Biplanats,  etc.  If  these  lenses 
are  not  employed  wide-angle  lenses  must  be 
used  for  wide-angle  work.  If  no  rising  front 
is  to  be  used  a  narrow-angle  lens  will  do  quite 
as  well. 

The  question  of  the  most  suitable  angle  of 
view  to  include,  in  order  to  produce  the  most 
pleasing  picture,  introduces  the  interesting 
subject  of  perspective  in  photography  and  its 
bearing  on  focal  length.  There  is  probably  no 
other  subject  round  which  such  a  bitter  war 
has  been  waged  as  that  of  perspective  in  photo- 
graphy and  the  artistic  qualities  of  a  photo- 
graph. Some  workers  declare,  in  the  words  of 
Dr.  Emerson,  that — 

Far  too  much  time  has  been  given  and  too  much 
importance  attached  to  the  subject  of  o}.  cics  connected 
with  photography.  Much  tim.e  and  expense  would  have 
been  saved  had  the  pioneers  of  photography  had  a  good 
education.  ...  It  is,  indeed,  a  satire  on  photo- 
graphy which  can  ne\er  be  entirely  removed,  that  at 
the  very  time  the  so-called  scientific  photographers 
were  worrying  opticians  to  death  and  vieing  with  each 
other  in  producing  the  greatest  untruths,  that  they 
were  all  the  while  shouting  in  the  market-place  that 
their  object  v/as  to  produce  truthful  works.  At  length 
v/hen  the  most  doubly  patented  distorting  lenses  were 
made  to  m^eet  their  demands,  they  presented  a  sharp 
untrue  picture,  "  Finer  than  the  eye  could  see,"  some 
said.  .  .  .  Had  they  taken  up  the  simplest  form  of 
lens  and  used  it  as  a  magnifying  glass,  they  would  have 
seen  that  all  was  not  right,  and  instead  of  clamouring 
for  the  lies  of  depth  of  focus,  wide  angle,  brilliancy  and 
other  hydra-heads  of  vulgarity,  they  might  have  set  to 
and  made  the  lens  which  was  required. 

And  yet,  in  spite  of  Dr.  Emerson,  no  one  has 
yet  learnt  what  that  lens  is  ! 

If  the  motif  of  the  vast  majority  of  photo- 
graphers is  considered,  will  it  not  be  generally 
conceded  that  their  object  is  not  to  pro- 
duce results  approximating  to  Rembrandt  or 
Turner,  but  rather  to  preserve  a  record  as 
pleasing  as  possible  of  some  transient  phase 
of  nature  or  some  scene  left  behind?  Many 
photographs  are  records  of  vanished  things, 
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ar3  the  concrete  of  memories,  some  pleasant, 
some  unpleasant,  all  passing.  They  are  leaves 
from  the  notebook  of  the  past,  some  of 
interest  sufficiently  lasting  to  find  them  a 
place  on  our  walls,  where  they  vie  with  any 
monochrome  as  a  work  of  art.  In  all  cases 
an  effort  should  be  made  to  obtain  as  artistic 
and  pleasing  a  result  as  possible,  and  nothing 
is  of  greater  importance  in  this  respect  than 
a  judicious  choice  of  point  of  view  and  focal 
length  of  lens.  It  may  be  accepted  as  a 
sound  maxim  that  the  longest  focus  lens 
possible  under  the  circumstances  will  produce 
the  best  perspective  and  the  least  distortion. 
Narrow-angle  pictures  can  be  viewed  at  any 
distance  without  unduly  exaggerating  the  per- 
spective, while  to  get  a  truthful  representation 
of  the  work  done  with  a  wide-angle  lens,  it 
must  be  viewed  at  a  distance  equal  to  the  focal 
length  of  the  lens  with  which  it  was  taken. 

Figure  73  will  elucidate  this  ;  let  XX'^  be  a 
photograph  which  has  been  taken  with  a  lens 
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pictures. 


Figure  73. 


at  O.  The  observer  at  O,  when  looking  at 
the  landscape  in  the  direction  of  YY^Y^,  will 
see  the  same  view  as  was  photographed  by  the 
lens  ;  if  the  observer  is  then  turned  round,  still 
retaining  his  position  in  the  optical  centre  of 
the  lens  at  O  and  examines  the  photograph  on 
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the  plane  XX-X^"^,  it  will  see  in  the  photo- 
graph a  perfectly  accurate  reproduction  of  the 
landscape  with  correct  perspective  rendering. 
If  (a  b)  is  the  measure  of  some  object  in  the 
picture  plane  subtending  an  angle  (e)  to  the 
eye  at  O,  and  (f)  be  a  similar  angle  from  the 
margin  of  the  field  ;  it  follows  that  (c  d)  will  be 
the  same  length  as  (a  b),  and  if  Oc  and  Od  are 
produced  they  will  meet  the  picture  plane  in 
X^  and  X^,  and  X^X^  represents  a  larger  object 
than  does  XX^.     In  the  case  illustrated  it 
represents  an  object  that  is  actually  twice  as 
large,  but  which  only  appears  to  be  the  same 
size  to  the  eye  at  O,  and  quite  correctly  so. 
If,  however,  the  eye  is  now  placed  in  such  a 
position  that  it  is  considerably  further  away 
from  the  photograph  to  the  left  of  O,  it  is 
evident    that   the   object   X'-^X^  will  appear 
larger  than  XX^,  although  when  viewed  at 
the  correct  position  (the  perspective  centre 
of  the  lens),  they  were  the  same  size.  This 
explains  why  the  perspective  rendering  will 
only  be  strictly  accurate  when  the  photograph 
is  viewed  at  a  distance  equivalent  to  that  of 
the  focus  of  the  lens  which  took  the  picture. 
If  the  eye  be  removed  from  the  picture  to  a 
considerable  distance,  the  difference   in  the 
relative  sizes  of  X-X^  and  XX^  will  be  but 
slightly  altered  by  a  further  movement,  so  that 
if  a  moderately  long  focus  lens  is  employed 
the  position  of  the  spectator  is  not  of  such 
importance ;  and  the  worst  defects  of  exagger- 
ated perspective  are  only  met  with  in  lenses 
whose  foci  are  very  short  as  compared  with 
the  size  of  the  picture. 

If  a  3-inch  lens  is  used  on  a  J-plate  it  gives 
an  angle  of  about  90°.  It  will  be  totally  impos- 
sible to  view  the  resultant  picture  at  a  distance 
3  inches  from  the  eye,  so  that  it  is  certain  to 
show  incorrect  perspective.  There  are  cases 
where  it  is  necessary  to  use  a  wide-angle  lens 
in  order  to  include  a  sufficient  amount  of  view, 


See  page  234. 

PLATE  XXV. 
Mont  Blanc  from  Le  Couyercle. 


See  page  1 78. 


PLATE  XXVI. 
The  Poacher. 


S'ee  pages  J  83. 


PLATE  XXVII. 
The  Old  Mill,  St.  Albans. 


Negative  by  W.  H.  Wilkins. 


A  telephoiograph  taken  with  a  No.  5  Beck-Steinheil  Orthostigmat  and  a  standard  power 
attachment.    Magnifying  power  8  times,  resultant  equivalent  focus  56  inches. 


See  page  183. 


PLATE  XXYII 


The  Old  Mill,  St.  Albans. 


Negative  by 


H.  Andrews. 


A  photograph  of  the  same  mill  as  plate  XXVII.,  only  taken  with  a  7h-inch  lens  on  a 
i-plate. 
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but  where  this  is  done  the  picture  should  be 
so  composed  that  it  does  not  depend  upon  the 
perspective  for  its  interest.  A  view  including 
a  church  spire  may  require  the  use  of  a  wide- 
angle  lens,  and  if  there  are  not  other  objects 
nearer  or  further  away,  included  in  the  com- 
position, the  poor  perspective  will  be  of  little 
consequence.  It  must  be  remembered  that 
perspective  only  exists  where  the  objects  or 
parts  of  them  are  at  different  distances  from 
the  observer.  A  map  or  bird's-eye  view  has  no 
perspective ;  and  the  more  nearly  all  the 
objects  are  at  the  same  distance  from  the 
camera,  the  less  becomes  the  importance  of 
correct  perspective  rendering.  If  purely  pic- 
torial results  are  sought  for,  an  angle  of  more 
than  35°  or  40°  should  not  be  included.  Good 
paintings  rarely  include  more,  but  the  mere 
fact  of  including  only  a  small  angle  does  not 
mean  that  artistic  work  will  result.  There  is 
no  advantage  to  be  gained  by  laying  down 
rules — rules  will  not  produce  artistic  results  by 
themselves,  and  every  rule  has  been  success- 
fully infringed  by  great  artists. 

A  good  series  of  lenses  for  a  complete  outfit 
would  comprise — 

(1)  A  wide-angle  lens  with  a  focus  |-  less 

than  the  longest  side  of  the  plate. 

(2)  A  rapid  lens"  about  1^  or  1 J  times  the 

longest  side  of  the  plate. 

(3)  A  rapid  narrow-angle  lens  about  twice 

the  length  of  the  plate. 

(4)  A  telephoto   attachment!  to  use  with 

No.  2. 


When  a 
wide  angle 
may  be  used. 


An  outfit 
lenses. 


of 


Absorption,  Scattering  and 
Reflection. 

A  lens  absorbs  a  certain  small  proportion 


*  The  rapid  lens  might  be  of  the  convertible  type,  in  which  case  the 
single  combinations  could  be  used  as  longer  focus  narrow-angle  lenses. 
The  advantage  of  a  convertible  set  of  th\z  kind  is  its  portability. 

i  See  Section  III.  for  the  particulars  of  the  properties  of  this  lens. 
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of  the  light  which  enters  it,  because  glass  is 
not  absolutely  transparent, 
f      When  describing  achromatisn^  reference  was 
made  to  the  fact  that  white  light  is  connposed 
of  a  great  number  of  rays  having  different 
wave  lengths  which  produced  on  the  eye  vary- 
ing sensations,  indicative  of  different  colours. 
If  a  ray  of  white  light  be  made  to  pass  through 
a  piece  of  brilliant  red  glass,  the  sensation 
produced  on  the  eye  is  that  of  a  red  colour, 
because  only  the  red  rays  pass  through  the 
glass  without  being  absorbed.   The  rays  which 
affect  the  sensitive  salts  of  silver  are  those  at 
the  green  and  blue  end  of  the  spectrum,  and 
so  if  the  lens  were  made  of  red  glass  it  would 
stop  all  these  rays,  and  it  would  be  so  slow  as 
to  be  useless.     This  is  actually  what  happens 
in  a  minute  degree  when  light  passes  through 
glass  of  any  kind,  however  thin,  the  degree 
varying  with  the  purity  of  the  glass  and,  to  a 
less  degree,  its  thickness. 

The  clearer  and  more  colourless  the  glass 
which  is  used  in  the  manufacture  of  the  lenses, 
the  better  and  more  rapid  they  will  be. 

If  a  lens  shows  the  least  tinge  of  yellow 
it  will  be  slower  than  if  it  does  not.  There 
are  two  classes  of  discoloration  due  to 
deterioration  which  may  occur  with  the  lapse 
of  time.  The  first  is  in  the  material  (usually 
balsam)  used  to  cement  the  components  of  a 
compound  lens  system,  and  the  second  is  the 
glass  itself.  The  first  need  not  be  considered, 
for  in  the  best  modern  lenses  the  film  of 
balsam  is  so  thin  and  has  been  so  carefully 
bleached  that  discolora^tion  due  to  this  cause 
would  not  be  likely  to  occur.  The  second  is  of 
rare  occurrence,  but  should  be  borne  in  mind. 
In  the  densest  glasses  which,  however,  should 
not  be  used  for  lenses,  there  is  a  slight 
tendency  to  yellowing  if  exposed  to  the  sun  or 
bright  light  for  any  length  of  time.  This  is 
most  likely  due  to  the  presence  of  manganese 
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and  iron,  and  a  process  of  oxidation  is  set  up 
by  the  light  resulting  in  this  discoloration. 
It  will  be  noticeable  when  unstable  glass  is  on 
the  outside,  for  in  this  case  moisture  will 
materially  hasten  the  oxidizing  process,  and  a 
finger  mark,  if  left  on  the  lens,  may  result  in  a 
brown  stain.  No  lens  should  be  touched  with 
a  hot  finger.  Figure  74  shows  an  arrangement 


of  the  glasses  in  which  one  unstable  glass  is 
safely  enclosed  between  two  harder  ones, 
which  are  not  affected  by  heat  or  damp. 

Some  of  the  older  types  of   lenses,  when 
placed  on  a  sheet  of  white  paper,  show  that  a  method  of 
they  are  made  of  a  glass  that  is  far  from  being  testing  the 
transparent.    Glass  of  different  kinds  absorb  ^^^^^^ 
varying    parts   of   the   spectrum,  and   it  is 
essential  that  the  manufacturer  should  choose 
those  kinds  which  are  most  transparent  to  the< 
ultra  violet,  blue,  and  green  rays.    Rock  crystal 
is  known  to  be  almost  entirely  transparent  to 
these  rays,  and  for  this  reason  it  is  used  in 
the  lenses  or  "  compressors  "  required  for  the 
light  cure  of  Lupus,  but  it  is  useless  as  a 
material  for  making  photographic  lenses  on 
account  of  its  double  refraction. 


Reflection. 

This  is  of  more  importance  than  the  colour 
of  the  glass  to  the  photographer  who  is  pur- 
chasing a  lens,  as  modern. lenses  are  wonder- 
fully free  from  colour  defects. 

Reflection  may  play  two  parts  m  a  photo- 
graphic lens.    It  may,  by  reflecting  back  part 
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Effect  of 
highly 
curved 
surfaces. 


of  the  light  which  should  have  entered  the 
lens,  reduce  its  rapidity,  or  it  may  reflect  light 
into  the  camera,  causing  milkiness  or  even 
flare  (see  page  78).  Certain  complicated 
modern  lenses  have  highly-curved  surfaces, 
and  if  these  be  air  surfaces  there  may  be  a 
distinct  loss  of  light,  either  from  the  fact  that 
some  of  the  rays  of  light  never  reach  the  plate 
or  reach  some  part  of  it  that  they  ought  not  to. 

Figure  75  represents  an  imaginary  lens  with 
10  air  surfaces,  in  which  the  opportunity  is 
greatly  increased  of  having  a  portion  of  the 
pencil  of  rays  AA  so  reflected,  that  they  do 


Figure  75. 


not  come  to  a  focus  at  X.  The  more  obliquely 
the  rays  strike  the  surfaces,  the  larger  is  the 
percentage  that  is  reflected  and  the  smaller 
the  number  that  is  refracted.  When  an 
oblique  ray,  as  AA,  has  to  encounter  a  large 
number  of  air  surfaces  it  will  suffer  a  slight 
loss  at  each,  and  the  amount  that  reaches  a 


Figure  76. 

focus  at  X  will  be  less  than  in  the  case  of  a 
similar  pencil  in  figure  76,  where  there  are  but 
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four.    The  loss  from  the  cemented  surfaces 


is  too  trifling  to  be  considered.  Thus,  a  lens 
such  as  that  in  figure  77,  with  only  four  air 
surfaces,  will  not  lose  more  light  from  this 
cause  than  the  lens  shown  in  figure  76. 
Returning  to  figure  75,  it  may  be  interesting 
to  explain  what  becomes  of  the  rays.  A  cer- 
tain number  never  pass  the  lens,  but  are 
reflected  out  and  lost.  Some,  on  the  other 
hand,  pass  through  surfaces  1  and  2,  and  are 
refracted  in  the  ordinary  way.  On  meeting  False i 
the  surface  No.  3,  however,  the  rays  strike 
it  too  obliquely  and  are  reflected  back  again 
(as  indicated  by  the  fine  line)  to  surface  2, 
thence  once  more  to  surface  3,  which  this 
time  they  pass  through  and  are  refracted  ; 
they  have  been  slightly  displaced  owing  to  this 
internal  reflection  and  do  not  arrive  at  a  focus 
at  X  but  at  X',  some  little  distance  from  X. 
This  may  happen  at  any  one  of  the  surfaces, 
resulting  in  a  number  of  false  images;  these 
detract  from  the  brilliancy  of  the  true  image 
and  give  a  tendency  to  milky  results.  The 
photographer  must  not  be  unduly  critical  on 
this  question,  as  practical  experience  has  shown 
that  lenses  with  even  eight  or  ten  reflecting 
surfaces  may  give  good  results,  but  no  treatise 
on  lenses  is  complete  without  an  explanation 
of  the  defect. 


i    5  4 


Scattering. 


There  miay  be  a  loss  of  light  through  another 
cause  than  the  two  already  mentioned,  namely, 
by  scattering.    Suppose  in  figure  78,  a  ray  of 


Scattering. 
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light  AO  strikes  a  perfectly  polished  surface 


Explanation 
of  scattering. 


Grey 
surface. 


t^fS"  Figuro  78. 


(a)  such  as  a  mirror,  it  will  be  totally  reflected 
in  one  direction,  namely,  that  of  OB.  If,  how- 
ever, it  strikes  a  rough  surface  (b)  such  as  a 
sheet  of  white  paper  or  ground  glass  it  will  be 
reflected  in  all  directions  as  OB,  OB^, OB'-^', 0B>% 
in  other  words,  it  is  scattered.  If  the  surfaces 
of  a  lens  system  are  imperfectly  polished,  that  is, 
if  the  surface  is  composed  of  a  number  of  little 
grey  dots  left  during  grinding,  these  points  act 
as  do  the  fine  particles  in  the  surface  of  white 
paper.  The  ray  on  striking  the  surface  will 
be  partially  scattered,  portions  only  passing 
through. 


Figure  79 


In  figure  79  is  represented  a  piece  of  glass 
which  is  polished  to  a  black  polish  on  the 
upper  surface,  but  badly  on  the  lower ;  in 
consequence,  the  ray  AO  passes  completely 
through  the  first  surface  according  to  the 
laws  of  refraction,  but  in  emerging  at  O'  a 
portion  of  it  gets  scattered  in  all  directions 
as  B,  B^,  B^,  etc.  Great  strides  have  recently 
been  made  in  optical  factories  in  this  res- 
Polishing,  pect,  and  even  low-priced  lenses  have  often 
as  perfect  a  polish  as  could  be  desired.  In 
the  manufacture  of  cheap  lenses  there  is  a 
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temptation  to  leave  the  surfaces  slightly  grey, 
because  polishing,  unless  it  be  supplemented  Figuring, 
by  the  costly  process  of  figuring,  is  liable  to 
destroy  the  perfection  of  curvature,  which  it 
is  the  aim  of  the  optician  to  preserve.  A 
method  of  examining  the  difference  between  a 
grey  and  a  black  polish  can  be  explained  by 
reference  to  figure  80  ;  if  there  are  two  pieces  black  polish 
of  glass,  (a)  and  (b),  the  one  with  a  black  polish 
and  the  other  with  a  grey,  and  if  these  are 
placed  on  a  dark  piece  of  velvet  and  a  beam  of 
sunlight  be  allowed  to  fall  on  the  surface  as 


o  o 

a  .  b 


AO,  a  card  being  held  at  C  so  that  no  light  can 
be  directly  reflected  into  the  eye,  the  ray  AO 
will  be  reflected  as  OB.  No  portion  will  be 
received  by  the  eye,  and  the  surface  will 
appear  jet  black.  In  the  second  case,  however, 
although  the  major  portion  may  be  reflected 
as  OB  owing  to  the  imperfection  of  the  optical 
polish,  some  will  be  scattered  in  all  directions 
as  indicated  by  the  dotted  lines,  and  a  little 
will  find  its  way  to,  and  be  collected  by,  the 
eye,  to  which  the  surface  will  appear  a  trifle 
grey. 


NOTE.  — This  section  completes  the  semi-technical  portion  of  the 
book.  The  remaining  sections  are  of  more  general 
interest. 


136 


Brief  Summary  of  the  Chief  Points  in 
Section  IV. 


The  properties  bearing  on  the  use  of  a  lens  are  — 

Focus. 

Rapidity. 

Depth  of  focus. 

Brilliancy  of  definition. 

Angle  of  view. 

Equality  of  illumination. 

Absorption,  reflection  and  scattering  of  light. 
Area  of  critical  definition. 

The  focal  length  of  a  lens  is  the  measure  of  its^  refracting 
power  and  of  the  size  of  the  image  it  will  produce. 

This  length  can  be  chosen  to  suit  any  set  of  circumstances. 

This  length  is  about  the  distance  of  the  diaphragm  of  a 
rectilinear,  or  the  back  surface  of  a  single  view  lens  from 
the  ground  glass,  when  objects  at  a  great  distance  are  in 
focus. 

By  depth  of  focus  is  meant  the  power  of  a  lens  to  sharply 
depict  more  than  one  plane  of  the  view  upon  the  plate. 

By  *  sharply  '  is  meant  that  a  point  in  the  object  is  represented 
by  a  circle  in  the  image  not  more  than  1-100  inch  in  diameter. 

There  are  3  factors  governing  the  amount  of  depth  of  focus  ; 
they  are — 

(1)  The  focal  length  of  the  lens. 

(2)  The  aperture  of  the  lens. 

(3)  The  amount  of  spherical  aberration  present. 

The  shorter  the  focus  the  more  the  depth  of  definition. 

The  smaller  the  aperture,  the  greater  the  depth. 

The  presence  of  a  little  spherical  aberration  means  an  increase 
in  depth  of  definition. 

A  lens  possesses  rapidity,  a  pinhole  does  not. 
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With  two  lenses  of  the  same  focus,  the  one  with  the  largest 
aperture  will  be  the  most  rapid. 

Rapidity  is  written  as  the  diameter  of  the  effective  aperture 
divided  into  the  focal  length.  ^ 

Brilliancy  of  definition  means  black  must  be  black,  and  white, 
white,  but  neither  grey. 

The  fewer  the  reflecting  surfaces  the  better  is  the  brilliancy. 

Only  those  surfaces  that  are  not  cemented  count. 

The  worse  the  polish,  the  less  the  brilliancy. 

That  part  of  the  picture  that  is  sharp  is  known  as  the  area  of 
critical  definition. 

The  better  the  quality  of  the  lens,  the  larger  this  area. 

The  smaller  the  stop,  the  larger  the  area  of  critical  definition. 

The  longer  the  focus  of  the  lens,  the  larger  the  area. 

The  modern  orthostigmat  (anastigmat)  has  a  larger  area  of 
definition  in  proportion  to  its  focus  than  any  other  type  of 
lens  at  the  same  aperture. 

If  a  lens  illuminates  the  edges  of  the  field  as  brilliantly  as  the 
centre,  the  illumination  is  perfect. 

There  is  no  lens  that  does  this  absolutely. 

The  farther  apart  the  lenses  of  a  doublet,  the  worse  the 
illumination. 

The  larger  the  lenses  in  proportion  to  the  diaphragm,  the 
better  the  illumination. 

The  smaller  the  stop,  the  more  even  the  illumination. 

Angle  of  view  is  the  amount  a  lens  will  include  in  the  picture. 

A  lens  that  can  take  in  only  a  small  amount  is  a  narrow  angle 
lens  ;  one  that  will  include  more  if  used  on  a  large  plate  a 
medium  angle  ;  and  one  that  takes  in  a  large  expanse  a 
wide-angle  lens. 

The  angle  of  a  picture  is  measured  by  the  longest  side. 

There  is  no  fixed  law  as  to  the  most  suitable  angle  to  include, 

A  small  angle  gives  a  better  pictorial  result. 

If  a  wide-angle  lens  has  been  used,  the  picture  should  be 
viewed  from  a  distance  equal  to  the  focus  of  the  lens  with 
which  it  was  taken  ;  if  it  is  not  the  perspective  will  be 
wrong. 
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If  a  narrow-angle  lens  bo  used,  it  can  be  viewed  from  any 
distance  without  disturbing  the  perspective. 

To  be  ready  for  all  emergencies  a  number  of  different  foci 
lenses  should  be  carried,  varying  from  f  to  twice  the  longest 
side  of  the  plate,  and  in  addition  a  telephoto  attachment. 

If  the  glass  of  which  a  lens. is  made  is  not  absolutely  trans- 
parent, it  will  absorb  a  small  portion  of  the  light  on  its  way 
to  the  plate. 

None  of  the  blue  and  violet  rays  must  be  absorbed,  or  the 
lens  will  be  rendered  less  rapid. 

There  are  two  ways  in  which  a  lens  may  become  deteriorated 
in  this  respect — 

(a)  The  cement  used  to  join  the  combinations  may 

become  yellow. 

(b)  The  glass  of  the  lenses  may  become  yellow 

through  oxidation. 

Finger  marks  on  the  lens  surfaces  may  result  in  brown  stains. 

Reflection  will  reduce  the  rapidity  of  a  lens,  either  by  reflec- 
ting some  of  the  rays  that  should  form  the  image  back 
again  out  of  the  lens,  or  by  distributing  them  indiscrimi- 
nately into  the  camera,  where  they  tend  to  make  the 
picture  look  milky. 

The  greater  the  number  of  air  surfaces,  the  greater  the  chance 
of  this  result. 

If  a  surface  is  not  polished  to  a  black  polish  som.e  of  the 
light,  instead  of  passing  straight  through,  will  be  scattered. 
A  surface  like  this  is  called  a  grey  surface. 


139 


SECTION  V. 


Types  of  Photographic  Lenses. 


The  earlier  chapters  of  this  book  having  Nq^^^^, 
dealt  with  the  somewhat  technical  side,  the  claturc  of 
principles,  the  nnanufacture,  the  corrections  lenses, 
and  properties   of   photographic   lenses,  the 
present  section  will  roughly   classify  lenses 
into   their  different  types,  pointing  out  the 
characteristics  of  each  form. 

The  photographic  lens  of  the  present  day  Evolution  of 
has  been  evolved  step  by  step  during  a  period  the  lens, 
of  over  50  years.  The  advance  has  been  due 
to  the  inventions  of  many  independent  and 
competing  optical  firms,  who  have  created  nev/ 
names  for  each  succeeding  lens  that  has  been 
invented.  It  is,  therefore,  not  to  be  expected 
that  the  nomenclature  has  followed  any  very 
definite  scientific  plan,  but  names  have  gradu- 
ally come  to  be  recognised  as  describing 
particular  types  and  have  been  adopted  by  the 
trade  in  general.  Originally  there  was  no 
reason  why  the  rectilinear  should  not  have 
been  called  an  anastigmat  or  vice  versa,  but 
usage  has  pointed  to  some  boundary  line  to 
limit  the  use  of  the  terms,  and  that  being  the 
case,  it  should  be  adhered  to.  As  things  stand, 
it  would  not  be  correct  for  a  maker  to  describe 
an  anastigmat  as  a  rapid  rectilinear,  or 
vice  versa. 
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The  names  for  the  types  which  are  in  most 
general  use,  and  which  will  be  adhered  to 
throughout  this  work,  are — 

(1)  Single  non-achromatic,  S.N. A. 

(2)  Double  meniscus,  Periscopic,  D.N. A. 

(3)  Single  achromatic,  S.V.  (double  and 

triple). 
(^)    Petzval  portrait. 

(5)  Rapid  rectilinear,  R.R.N.A.R.,  M.A.R., 

W.A.R.  (narrow,  medium  and  wide 
angle). 

(6)  The  unsymmetrical  anastigmat.'''- 

(J)  Universal  orthostigmat  (anastigmat). 
As  it  is  useful  for  trade  purposes  to  distinguish 
between  the  lenses  of  different  makers, 
numbers  of  other  names  are  in  use  to  denote 
the  particular  manufacturer's  own  form,  but 
from  this  great  variety  lenses  can  be  identified 
and  placed  in  one  of  the  above  groups  without 
much  difficulty. 

(1)   The  Single  Non-achromatic  Lens, 
S.N.A.  (figure  81). 


Figu-e  81. 


This  is  seldom  supplied  under  any  specific 
name;  it  may  be  openly  sold  for  producing 
fuzzy  pictures  for  those  who  love  impression- 
istic art.  It  may  be  supplied  with  a  small  stop 
on  the  cheapest  cameras.  A  glance  at  the 
diagram  (figure  82)  will  show  that  it  is  quite 
uncorrected  for  colour;  it  has,  therefore,  a 
chemical  focus,  and,  if  used  on  a  camera  with 

*  This  heading  includes  those  unsymmetrical  lenses  of  a  more  com- 
plicated kind  than  the  well-known  double  orthos' igmat.  They  possess  a 
greater  number  of  air  surfaces,  and  are  rarely  so  designed  that  their  single 
components  can  be  used  as  perfectly  corrected  landscape  lenses  of  a  longer 
focus  than  the  whole. 
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a  focussing  screen,  it  will  have  to  be  adjusted 

Ideal  Lens. 

Single  Non-achr-mal.ic 
angle  30"). 

1.     Chrcmatic  aberratirn. 
Spherical  aberration 
Astigmatism. 
Curvature  of  field. 
Distortion. 
Flare. 
Figure  8?. 

The  height  of  the  intermediate  line  marks  the  degree  to  which  the 
errors  are  corrected;  the  less  "black"  that  appears,  the  less  room  for 
improvement. 

for  this  error.    It  is  equally  bad  except  at 

small    apertures    for    spherical  aberration, 

astigmatism  and  curvature  of  field,  and  a  stop  Corrections 

as  small  as  f/32  is  necessary  to  give  definition.  S  xt  a  i 

I  J-  1      •     ^u-     1  X.-   p     .  S.N. A.  lens. 

In  one  du-^ection  only  is  this  lens  satisfactory, 

and  that  is  with  reference  to  optical  flare.  Its 
uses  are  proportionately  limited. 

As  a  photographic  lens  for  serious  work  the 
S.N. A.  need  not  be  taken  into  account.  Its 
chief  use  is  as  an  auxiliary  for  altering  the  Magnifiers, 
focus  of  better  corrected  lenses  of  some  other 
type,  as  exemplified  in  the  Frena  system  of 
"  magnifiers." 

(2)   The  Double  Meniscus,  D.N. A. 

meniscus. 


Fi'^urc  83. 


This  name  is  descriptive  of  the  double  non- 
achromatic  lens.      The   double   meniscus  is 
entirely  uncorrected  for  colour  and,  therefore, 
like  the  spectacle  lens,  has  a  chemical  focus, 
and  can  only  be  satisfactorily  employed  on 
fixed  focus  cameras  or  those  with  scales  and  Qualities  of 
no  ground   glass  ;    its    corrections    in  other  the  double 
respects  are  a  great  advance  on  the  single  lens,  meniscus, 
and  it  can  be  used  satisfactorily  with  a  moderate 


Diagrams  of 

corrections 

and 

properties. 


Corrections 
of  the  double 
meniscus. 


stop.  There  is  one  interesting  point  that 
v/ill  occur  in  using  any  lens  that  has  a  chennieal 
focus  —  however  accurately  the  focussing  is 
done,  so  that  the  plate  shall  be  in  the  plane  of 
the  most  chemically  active  rays,  if  afull  exposure 
is  given  some  of  the  other  rays  that  do  not  come 
to  this  focus  will  have  had  time  to  act  and  a 
slightly  blurred  picture  will  result.  The 
double  meniscus  usually  consists  of  two  deep 
meniscus  components  as  indicated  in  figure 
83,  with  the  diaphragm  placed  between  them. 


Ideal  Lens. 

The  Double  Meniscus  Lens 
(f/16,  angle  60"). 


Figure  84. 


1.  Chromatic  aberration. 

2.  Spherical  aberration. 

3.  Astigmatism. 
Tlie  height  of  the  intermediate  line 

errors  are  corrected  ;  the  less  "  black  "  that  appears 
improvement. 


4.  Curvature  of  field. 

5.  Distortion.  ' 

6.  Flare. 

marks  the  degree  to  which  the 
the  less  room  for 


->    Ideal  Len< 


The  Double  Meniscus  Lens 
(f/16,  angle  60"^'). 


Figure  85. 


1.  Rapidity.  4.    Angle  of  v:cw. 

2.  Depth  of  definition.  5.     Equality  of  illumination. 

3.  Equality  of  definition.  6.  Abscrption. 

The  height  of  the  intermediate  line  marks  the  degree  of  the  properties 
referred  to.  "  The  possession  of  any  property  is  marked  by  an  absence  of 
"  black. ' ' 

A  5-inch  lens  covers  a  quarter-plate  at  f/16 
satisfactorily.  An  examination  of  figure  84 
will  show  the  salient  features  of  this  lens. 
The  chromatic  error  is,  of  course,  bad  ;  the 
spherical  aberration  is  fairly  well  corrected  at 
this  aperture,  astigmatism  is  partially  attended 
to.  There  is  a  good  deal  of  saucer-shaped 
curvature  of  field,  but  there  is  very  little 
distortion  over  a  moderate  angle  and  very 
little  chance  of  flare. 
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Its  general  properties  are  sufficiently  indi- 
cated in  figure  85,  and  do  not  call  for  any 
special  comment. 

(3)   The  Single  Achromatic  Lens,  S.A, 
or  S.V.L.  (figures  86  and  87). 


Single 

achromatic 

lens. 


Figure  86.  Figure  87. 

Under  this  name  are  included  those  lenses 
which,  although  perhaps  composed  of  as  many 
as  four  separate  lenses  cem.ented  together,  yet 
form  but  one  complete  "  single  "  lens  with  the 
diaphragm  placed  in  front.  Single  view,  land- 
scape and  other  names  denote  the  same  lens; 
this  was  the  earliest  type  used  in  cheap 
cameras  and  is  still  very  popular. 

In  figure  87  is  illustrated  a  triple  form  which 
can  be  dismissed  for  the  moment.    It  covers  Different 
sharply  a  larger  plate  than  the  ordinary  double  g^^")^  j^j^, 
cemented   single    lens   and   gives  beautifully  ^ 
even  illumination.    It  used  to  be  popular  for 
landscape    work    where    the    maximum  of 
brilliancy  was  required  over  a  large  angle,  but 
it  has  been  discarded  on  account  of  its  dis- 
tortion.   Single  lenses  are  now  only  used  for  ■ 
moderate  angles  where  this  distortion  is  less 
noticeable,  or  for  the  sake  of  cheapness. 

Figure  86  is  a  typical  single  lens.     It  is 
composed  of   two  glasses,  whose   curvature  9°*^^*^"^' 
resemblesthatillustrated,andof  light  and  dense        S-  *i  ^ 

PI-  PI  •  1  1  1      r  n      o.A.V.  lens. 

tlmt  or  rlmt  and  crown  glass,  the  latter  usually 
being  the  positive  element.  It  is  the  form  of 
lens  referred  to  earlier,  as  being  m.ade  with  a 
definite  view  to  correcting  the  chron-iatic  and 
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spherical  error,  and  it  is  for  this  reason  that  it 
is  known  as  the  single  achromatic  lens,  S.A.L. 
The  chief  opticians  prefer  their  own  forms,  but 
the  same  principles  underlie  the  construction 
of  all.  It  has  been  shown  of  recent  years  that, 
however  good  the  formula  of  a  lens  may  be 
theoretically,  it  will  not  produce  good  results 
unless  the  subsequent  operations  are  carried 
Differences  with  the  utmost  care.    It  is  for  this  reason 

in  S.A.V.  that,  although  constructed  on  a  simple  forniula, 
lenses.  _  where  one  would  imagine  there  was  little 
chance  of  variation,  there  are  differences  in 
the  quality  of  individual  single  lenses.  To 
illustrate  this  point,  the  reader  should  refer 
back  to  plates  IV.  and  V.,  which  are  produced 
with  lenses  taken  from  two  different  makes  of 
hand  cameras  now  on  the  market. 

In  figures  88'''  and  89'''  are  diagrammatically 


Diagrams  of 

corrections 

and 

properties. 


Ideal  Lens. 

Single  Achromatic  Lenj 
(f/11,  angle  35") 


Figure  88. 


1.  Chromatic  aberration.  4.    Curvature  of  field. 

2.  Spherical  aberration.  5.  Distortion. 

3.  Astigmatism.  6.  Flare. 

Comparative  Diagram  of  Corrections  : — The  height  of  the  inter- 
mediate line  marks  the  degree  to  which  the  errors  are  corrected  ;  the  less 
"black  "  that  appears,  the  less  room  for  improvement. 
1         2         3         4         5  6 

Ideal  Lens. 

Single  Achromatic  Len^ 
(f/11,  angle  35°). 


Figure  89. 


1.  Rapidity.  4.    Angle  of  view. 

2.  Depth  of  definition.  5.     Equality  of  illumination. 

3.  Quality  of  definition.  6,  Absorption. 
Comparative  Diagram  of  Corrections  : — The  height  of  the  inter- 
mediate line  marks  the  degree  of  the  properties  referred  to.    The  possession 
of  any  property  is  marked  by  the  absence  of  "  black." 

*  Figures  88  and  89  should  be  compared  with  the  corresponding  dia- 
grams of  corrections  and  properties  of  the  other  types,  for  purposes  of 


estimating  the  merits  of  each. 
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represented  the  degree  to  which  the  correc- 
tions are  carried  in  this  type  of  lens,  and  their 
resultant  properties  :  a  comparison  can  then 
be  made  between  this  type  and  the  two  former. 
It  must  rank  above  the  double  meniscus 
because  it  has  no  chemical  focus,  it  need  not 
be  confined  to  use  in  box  cameras,  but  can  be 
used  with  the  ground  glass,  its  maximum 
rapidity  being  about  f/11.  A  5-|-inch  lens  will 
cover  a  J-plate  sharply  at  f/11,  but  will  give 
barrel-shaped  distortion  at  the  outer  edges  of 
the  plate. 

Referring  back,  plate  IX.  shows  that  it  is 
possible  to  procure  an  example  of  this  lens  in 
which  the  distortion,  its  greatest  drawback,  is 
hardly  noticeable  ;  in  fact,  when  the  lens  has 
as  little  as  this  it  can  be  usefully  employed  for 
architectural  photography. 

More  complicated  single  lenses  have  been 
placed  on  the  m.arket,  but  there  does  not  seem 
much  advantage  in  these  triple  and  quadruple 
combinations,  the  only  excuse  for  their  intro- 
duction seeming  to  lie  in  the  fact  that  their 
resultant  images  are  slightly  more  brilliant 
than  those  produced  by  a  lens  with  more 
than  two  outside  surfaces,  but  they  do  not 
equal  the  rectilinear  type  in  other  respects. 
It  is  impossible  to  show  this  difference  in  plates 
reproduced  by  the  half-tone  process,  for  the 
brilliancy  of  both  would  be  so  impaired  in  the 
block  as  to  render  a  comparison  unconvincing. 
Single  combinations  of  some  of  the  double 
anastigmats  are  convenient,  and  especially 
satisfactory  as  narrow-angle  lenses;  those  of 
the  Orthostigmat  Series  I.  or  II.,  for  instance, 
can  be  used  as  single  lenses,  and  in  this 
capacity  possess  many  advantages  over  the 
older  form.  The  field  is  flat,  while  for  por- 
traiture at  full  aperture  they  are  in  many 
respects  unique,  and  the  distortion  is  slight. 

Plate  X.  represents  the  results  obtained  by 
usin,^   the    half   combination    of    an    11 -inch 


More  com- 
plicated 
single  lenses 


Use  of  single 
combin- 
ations of 
ortho- 
stigmats. 
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The  Pctzval 
portrait  lens. 


Professor 
Petzval. 


orthostigmat  lens.  The  plate  shows  no  curvi- 
linear distortion,  although  a  large  angle  is 
included.  These  "half"  lenses  are  almost  free 
from  distortion  when  the  stop  is  in  its  normal 
position  ;  but  the  area  of  sharp  definition  can 
be  increased  by  somewhat  increasing  its 
distance  from  the  lens. 

(4)   The  Portrait  Lens  (Petzval  form), 
figure  90. 


Figure  90. 


Under  the  heading  of  portrait  lenses,  all 
lenses  used  for  portraiture  might  have  been 
included,  but  certain  forms  of  rectilinears  and 
orthostigmats  mentioned  under  their  own 
heads,  are  coming  more  and  more  mto  use  for 
this  work.  To  simplify  the  classification,  the 
original  Petzval  lens  in  its  various  forms,  is 
the  only  one  treated  under  this  heading. 

The  light  in  the  studio  must  be  reduced  by 
blinds  and  screens  in  order  to  obtain  a  well- 
modelled  picture,  and  in  the  earliest  days  of 
photography  the  lengthy  exposures  required  by 
the  Daguerreotype  and  wet  plate  processes, 
when  a  single  lens  was  used,  threatened  to  re- 
strict the  ultimate  possibilities  of  the  new  craft. 

In  1866  Professor  Petzval,  of  the  Vienna 
University,  had  his  attention  drawn  to  this 
fact,  and  endeavoured  to  produce  a  lens  which 
should  primarily  have  a  much  greater  intensity 
(rapidity)  than  the  old  single  lens,  and  also 
give  better  central  definition.  The  portrait 
lens  bearing  his  name  is  the  result. 
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In  figures  91  and  92  are  diagrammatic  ally 
represented  the  extent  to  which  the  various 
corrections  are  carried  and  the  value  of  the 

1         2         3        4         5  6 

->  Ideal  Lens. 


Pctzval  Portrait  lens 
(f/4,  angle  20°). 


Figure  91. 

4.  Curvature  of  field. 

5.  Distortion. 

6.  Flare. 


1.    Chromatic  aberration. 

2  Spherical  aberration. 
3.  Astigmatism. 


Comparative  Diagram  of  Corrections  : — The  height  of  the  inter- 
mediate line  marks  the  degree  to  which  the  errors  are  corrected  ;  the  less 
"  black  "  that  appears,  the  less  room  for  improvement. 


Ideal  Lens. 


Petzval  Portrait  Lens 
(f/4,  angle  20^). 


Figure  92. 

1.  Rapidity.  4.    Angle  of  view. 

2.  Depth  of  definition.  5.    Equality  of  illumination. 

3.  Quality  of  definition.  6.  Absorption. 

Comparative  Diagram  of  Corrections  : — The  height  of  the  inter- 
mediate line  marks  the  degree  of  the  properties  referred  to.  The  possession 
of  any  property  is  marked  by  the  absence  of  "black." 

different  properties  in  this  type  of  lens.  In 
figure  91,  the  ''corrections"  of  this  type  will 
be  easily  recognised,  and  require  no  special 
comment.  Figure  92  indicates  the  '' properties" 
of  this  lens  at  a  glance  ;  it  reaches  the  ideal 
in  point  of  rapidity,  having  a  full  aperture 
of  from  f/3  to  f/4.  This  extreme  rapidity 
is  absolutely  essential  in  many  subjects  with 
which  the  professional  is  brought  face  to 
face.  In  the  Petzval  type  of  portrait  lens 
the  central  definition  is  specially  good,  though 
the  softer  definition  of  the  extra  rapid  rectili- 
near is  to-day  preferred  by  the  more  artistic 
workers.    At  the  time  the  Petzval  was  intro- 

*  Figures  91  and  92  should  be  compared  with  the  corresponding  dia- 
grams of  corrections  and  properties  of  the  other  types,  for  purposes  of 
estimatinc;  the  merits  of  each. 
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duced  the  cry  for  greater  rapidity  was  coupled 
with  a  demand  for  better  definition,  which  is 
one  reason  for  the  pecuHarly  stereotyped 
results  of  the  vast  majority  of  early  profes- 
sional portraits.  There  is  now  a  sign  of  the 
"regulation  "  Carte-de-Visite or  Cabinet  portrait 
giving  way  to  the  richer  modelling  and  finer 
feeling  of  the  work  produced  by  the  extra-rapid 
rectilinear  lenses,  whose  softer  definition  and 
greater  depth  are  preferred. 

The  Petzval  lens  possesses  some  distortion, 
and  it  cannot  be  successfully  used  with  a  small 
stop,  as  it  has  a  tendency  to  give  bad  flare.  It 
gives  very  unequal  illumination,  a  fault  which 
renders  it  unsuitable  for  landscape  or  field 
photography;  it  is,  in  fact,  of  little  use  outside 
the  studio  except  as  a  projection  lens. 

(5)   The  Rapid  Rectilineab 
(figures  93  and  94). 


Figure  93 


Figure  94. 


No  other  lens  has  in  the  past  been  so  popular 
as  the  rapid  rectilinear ;  it  was  the  first  cor- 
rected lens  to  overcome  the  troubles  of  distor- 
tion coupled  with  a  large  flat  field.  This  type 
includes,  besides  Rectilinears,  the  Biplanats, 
Aplanats,  Rapid  Symmetricals,  Periplanats, 
Euroscopes,  etc.  They  are  made  under  the 
name  of  extra-rapid  rectilinears  with  aper- 
tures of  f/4,  under  the  name  of  biplanats  with  an 
aperture  of  f/5-8,  under  the  name  of  rapid 
rectilinears,  rapid  symmetricals  or  aplanats 


149 


with  apertures  from  f/7  to  f/8,  of  mid-angle  or 
wide-angle  with  apertures  of  f/1  1  and  f/16. 
Lenses  of  this  type  generally  consist  of  two 
similar  cemented  doublets,  (as  illustrated  in 
figure  93),  with  a  positive  meniscus  lens  of  light 
flint  or  crown  glass  and  a  negative  meniscus 
of  a  heavier  flint,  the  diaphragm  being  placed 
between  the  two  combinations.  By  far  the 
greater  number  are  symmetrical,  that  is,  each 
combination  is  of  approximately  the  same 
focus,  and  about  double  that  of  the  whole  lens. 

This  form  of  lens  was  introduced  simul- 
taneously in  this  country  and  in  Germany  by 
the  houses  of  Dallmeyer  and  Steinheil,  under  Stcinhciland 
the  names  of  the  Rapid  Rectilinear  and  the  D^Ilmcyer. 
Aplanat.  Both  names  are  explanatory  and 
accurate,  for  the  lens  is  rectilinear  and  rapid 
when  compared  with  the  other  lenses  of  its 
day,  and  the  word  aplanatic  signifies,  that 
points  in  the  object  are  brought  to  points  in 
the  image  plane,  and  bear  the  same  relation  to 
one  another  in  that  plane  as  they  do  in  the 
object,  and  this  only  over  a  limited  angle. 
This  precludes  aplanatic  lenses  as  such,  from 
being  called  anastigmats,  but  does  not  prevent 
anastigmats  from  being  aplanatic.  The  recti- 
linear is  a  rough  approximation  to  a  hollow 
spherical  lens.  It  carried  the  idea  of  perfect 
corrections  for  oblique  rays  as  far  as  was 
formerly  considered  possible.  The  modern 
symmetrical  anastigmiat  represents  a  some- 
what elaborated  form  of  the  rectilinear,  made 
on  a  formula  rendered  possible  only  by  the 
advent  of  new  types  of  glass.  The  anastigmat 
may  be  considered,  indeed,  as  the  logical  con- 
clusion of  the  rectilinear  type  carried  to  its 
highest  attainable  limit.  The  various  names 
given  by  opticians  to  their  lenses  are  often  a 
guide  to  their  chief  characteristics.  Lenses 
described  as  Biplanats  are  Aplanats  with  double 
the  normal  rapidity,  etc. 

The  rectilinear  has  been  varied  in  construe- 
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tion  to  render  it  suitable  for  a  variety  of 
purposes.  A  lens  constructed  to  cover  a 
large  angle  is  a  wide-angle  rectilinear,  it 
has  a  sniall  aperture  and  very  large  lenses 
compared  with  its  aperture.  That  which 
covers  a  less  angle  is  called  a  mid-angle  recti- 
linear, and  one  that  covers  only  a  very  small 
angle  is  a  narrow-angle  or  rapid  rectilinear. 
In  the  same  way  a  lens  having  a  much 
larger  aperture  than  the  normal  will  be  an 
extra  rapid  rectilinear.  The  kind  that  is  most 
frequently  met  with  is  the  medium-angle  rapid 
rectilinear  with  a  full  aperture  of  f/8. 

Figures  95"  and  96'''  show  the  corrections. 
The  chromatic  error  is  so  far  eliminated  that 
it  can  be  regarded  as  corrected  for  all  except 


Diagram  of 
corrections 
and 

properties. 


— r— >  Ideal  Lens. 

\*t->  Rapid  Rectilinear 

/    \     (f;8,  angle  45°). 

\   Figure  95. 

1.    Chromatic  aberration. 

4. 

Curvature  of  field. 

2.    Spherical  aberration. 

5. 

Distortion. 

3.  Astigmatism. 

6. 

Flare. 

Comparative  Diagram  of  Corrections  : — The  height  of  the  inter- 
mediate line  marks  the  degree  to  which  the  errors  are  corrected  ;  the  less 
"  black  "  that  appears,  the  less  room  for  im.provement. 


Ideal  Lens. 


Rapid  Rectilinear 
(f,8,  angle  45°). 


Figure  96. 


L     Rapidity.  4.    Angle  of  view. 

2.  Depth  of  definition.  5.     Equality  of  illumination. 

3.  Quality  of  definition.  6.  Absorption. 
Comparative  Diagram  of  Corrections  : — The  height  of  the  inter- 
mediate line  marks  the  degree  of  the  properties  referred  to.    The  possession 
of  any  property  is  marked  by  an  absence  of  "  black." 

the  most  stringent  work.  Spherical  aberration 
is  reduced  to  such  a  point,  that,  it  will  not  be 

*  Figures  95  and  96  should  be  compared  with  the  corresponding  dia- 
j'rams  of  corrections  and  properties  of  the  other  types,  for  purposes  of 
estimating  the  merits  of  each, 
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objectionable  even  if  the  lens  is  used  at  its 
full  aperture.  There  is  one  important  error 
that  is  only  partially  corrected,  namely,  astig- 
matism. This  will  be  painfully  apparent  if  the 
lens  is  used  to  its  limit  of  angle — if  equality 
of  definition  is  required  over  the  whole  field, 
it  must  be  stopped  down.  Thus  the  rectilinear 
cannot  be  used  at  full  aperture  if  the  lens  is 
comparatively  short  in  focus  compared  with 
the  size  of  the  plate  in  use. 

The  great  increase  of  the  rapidity  of  shutters 
and  the  desire  on  all  hands  to  do  rapid  work 
precludes  this  type  from  being  universal.  The 
oblique  spherical  aberration  or  coma  is  also 
somewhat  uncorrected,  but  this  error  has  not 
been  treated  of  separately  as  it  is  generally 
associated  with  astigmatism.  The  curvature  of 
field  in  the  rectilinear  is  somewhat  too  marked 
to  allow  of  the  lens  being  used  at  open  apertures 
for  copying,  though  if  this  is  reduced  a  little 
it  makes  a  first-class  lens  for  enlarging.  The 
wide-angle  rapid  rectilinear  is  still  the  best  all- 
round  lens  for  work  for  which  90°  or  more  is  to 
be  included  in  the  picture.  It  must  be  used 
with  very  small  stops  to  cover  this  large  angle, 
and  is  not  so  good  as  the  anastigmat  for  mode- 
rate angles.  The  extra-rapid  rectilinear,  with 
its  full  aperture  of  f/4  or  f/5'8,  is  probably  the 
finest  portrait  lens  extant,  its  power  of  render- 
ing the  different  planes  of  the  sitter  equally 
sharp  but  not  too  brilliantly  defined,  being  of 
great  advantage  to  the  photographer  ;  in  addi- 
tion the  extra-rapid  rectilinear  form  of  portrait 
lens  makes  a  good  group  lens  when  stopped 
down,  being  more  satisfactory  than  the  Petzval 
type  for  this  purpose. 

Needless  to  say  the  qualities  illustrated  in 
figure  96  vary  in  individual  lenses,  and  to  show 
the  extent  of  this,  plates  XII.  and  XIII.  have 
been  prepared.  They  show  the  results  obtained 
with  two  presumably  simiilar  lenses,  one  by 
a  maker  of  repute  and  the  other  a  cheap 
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commercial  article.  It.  need  scarcely  be  pointed 
out,  that  a  badly  made  or  indifferently  adjusted 
lens  is  dear  at  any  price,  and,  that  it  is  better 
to  have  a  well-made  lens  of  a  less  ambitious 
type  than  one  badly  made,  but  more  aspiring 
in  its  construction. 

A  first-class  rapid  rectilinear  of  5-inch  focus 
will  cover  a  J-plate  at  f/1 1,  while  to  produce  as 
good  results  with  a  cheap  lens,  even  if  the 
central  definition  is  good,  a  6-inch  or  6f-inch 
focus  would  have  to  be  used,  in  which  case  the 
photographer  would  have  to  be  content  with 
less  depth  of  definition. 

From  the  above  description  it  will  be  noted 
that  a  good  rapid  rectilmear  lens  with  an  aper- 
ture of  f/8,  or  even  a  biplanat  with  an  aperture 
of  f/5-8  will,  if  the  price  of  the  anastigm.at  be 
found  prohibitive,  make  an  excellent  all-round 
lens  for  the  photographer,  but  it  must  be  by 
a  maker  with  a  reputation,  for  the  market 
is  flooded  with  cheap  foreign  rectilinears  which 
give  results  inferior  to  well-made  single  achro- 
matic lenses. 

A  rectilinear  of  good  quality  can  be  used  in 
conjunction  with  a  telephoto  attachment,  and 
satisfactory  results  will  be  obtained.  This  is 
a  test  of  its  quality,  as  every  magnification  by 
means  of  the  attachment  necessitates  a  corre- 
sponding multiplication  of  the  errors  left  in 
the  original  lens. 


Unsym- 
metrical  and 
universal 
anastigmats. 


(6)   The  Unsymmetrical  Anastigmat 
(figure  97). 

Some  considerable  difficulty  has  been  found 
in  dealing  with  the  anastigmatic  type  of  photo- 
graphic lenses,  and  it  has  been  necessary 
to  divide  them  into  two  groups  or  headings, 
the  "unsymmetrical"  anastigmats,  and  the 
''universal"  anastigmats.  Under  the  former,  it 
is  intended  to  include  all  those,  which  could 
not  be  considered,  for  argument's  sake,  as  the 
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Un symmetrical  Anastigmats.  Figure  97. 

logical  outcome  of  the  rectilinear  lens,  that  is, 
lenses  which  are  not  composed  of  two  similar 
cemented  combinations  without  air  spaces. 
The  majority  of  lenses  included  under  this 
heading  are  unsymmetrical,  in  point  of  fact, 
that  is,  the  two  components  are  dissimilar 
in  construction  and  function,  and  cannot, 
except  in  rare  cases,  be  used  as  single  lenses. 
There  are  some  which  possess  two  combi- 
nations of  somewhat  similar  construction, 
but  the  lens  must  be  used  as  a  whole  to 
produce  a  perfect  image.  Anastigmats  of  this 
type  cannot  be  regarded  as  universal,  as  they 
will  not  allow  of  their  single  combinations 
being  used  alone,  neither  do  they  as  a  rule 
cover  as  large  an  angle  so  perfectly  as  the 
next  type — that  is,  the  circle  of  illumination  is 
not  so  large  focus  for  focus. 

Figures  98''  and  99'''  tell  the  photographer  at 
a  glance  that  he  is  rapidly  nearing  perfection, 
and  show  in  what  way  these  lenses  are  a  marked 


*  Figures  98  and  99  should  be  compared  with  the  corresponding  dia- 
grams of  corrections  and  properties  of  the  other  types,  for  purposes  of 
estimating  the  merits  of  each. 
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advance  over  other  existing  forms.  The  only 
correction  that  is  at  all  at  fault  is  that  for 
flare,  v/hich  is  due  to  the  large  number  of  air 

1  2         3         4         5  6 

Ideal  Lens. 


Un  symmetrical 

Anastigmat 
(f/6,  angle  50O). 


Figure  98. 


L    Chromatic  aberration. 

2.  Spherical  aberration. 

3.  Astigmatism. 


4.  Curvature  of  field. 

5.  Distortion. 

6.  Flare. 


Comparative  Diagram  of  Corrections  :— The  height  of  the  inter- 
mediate line  mtirks  the  degree  to  which  the  errors  are  corrected;  the  less 
"  black  "  that  appears,  the  less  room  for  improvement. 


Ideal  Lens. 


U  nsy  m  metrical 

A.nastigmat 
>  (f  6,  angle  50^^). 


Figure  99. 


Simplicity  of 
some  unsym- 
metrical 
anastigmats. 


1.  Rapidity.  4.    Angle  of  view. 

2.  Depth  of  definition.  6.    Equality  of  illumination. 

3.  Quality  of  definition.  6.  Absorption. 

Comparative  Diagram  of  Corrections  :— The  height  of  the  inter- 
mediate line  marks  tlTB  d  gr  e  oP  the  propsrties  referred  to.  The  possessio  i 
of  any  property  is  marked  by  the  absence  of  "  b'ack."' 

surfaces,  usually  highly  curved,  found  in  this 
type  of  lens.  Its  properties  show  us  that  a  high 
standard  of  rapidity  is  reached, but  that  in 
consequence,  depth  of  definition  at  full  aper- 
ture has  been  sacrificed  ;  angle  of  view  shows 
little  room  for  improvement,  but  the  lens 
as  a  whole  is  magnificent.  This  lens  has 
become  more  and  more  popular  of  late  years, 
for  it  contains  fewer  constituent  elements  than 
its  more  perfect  rival,  the  universal  anastig- 
mat,  v/hile  its  other  properties  are  sufficiently 
good  for  almost  all  purposes.  It  can  be  used 
for  portra'ture  on  account  of  its  rapidity, 
though  its  corrections  are  so  perfect  that 
some  prefer  a  softer  definition. 
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The  unsymmetrical  anastigmats  can  hardly 
be  left  without  some  reference  to  their  ivnen- 
tors.  These  lenses  are  evidence  of  marked 
originality  involving  means  of  overcoming  the 
usual  errors,  previously  unthought  of,  and  show 
a  return  to  lenses  of  a  more  simple  construc- 
tion, two  of  the  earliest  and  better  known  forms 
originated  in  this  country  being  the  work  of 
H.  Dennis  Taylor  and  J.  H.  Dallmeyer,  Ltd., 
respectively. 

(7)   The  Universal  Orthostigmat 
(AnastIGMAT),  (figures  100-102). 


Figure  102. 

The  lenses  included  in  this  heading  have 
almost  reached  the  limit  of  perfection  at  present 
attainable,  and  will  probably  not  be  greatly  im- 
proved for  some  time  to  come.  They  possess 
in  the  highestdegree  those  qualities  which  are  of 
importance,  and  although  in  photographic  lenses 
it  is  impossible  to  correct  to  an  equal  extent 
the  conflicting  errors,  yet  the  nearest  approach 
to  complete  correction  has  here  been  reached. 

This  class  of  lens  is  the  best  for  ordinary 
photography,  and  is  also  used  for  many 
branches  of  special  research,  such  as — 

Low-power  micro-photography. 

Three-colour  work. 

Enlarging  and  reducing. 

Portraiture  (groups). 

Telephotography. 

Architectural  v/ork. 

The  most  rapid  instantaneous  work. 


H.  Dennis 
Taylor,  J.  H. 
Dallmeyer, 
Ltd. 


Universal 
anastigmats. 


Branches  of 
work  that 
the  universal 
orthostigmat 
is  suitable 
for. 
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Figures  103^'^  and  104^''-  indicate  this  more 
clearly. 

1         2         3         4         5  6 


Diagram  of 
corrections. 


1.  Chromatic  aberration.  4.    Curvature  of  field. 

2.  Spherical  aberration.  5.  Distortion. 

3.  Astigmatism.  6.  Flare. 

Comparative  Diagram  of  Corrections  : — The  height  of  the  inter- 
mediate line  marks  the  degree  to  which  the  errors  are  corrected  ;  the  less 
*'  black"  that  appears,  the  less  room  for  improvement. 


Diagram  of 
properties. 


1.  Rapidity.  4.    Ang'e  of  view. 

2.  Depth  of  definition.  5.     Equality  of  illumination. 

3.  Quality  of  definition.  6.  Absorption. 
Comparative  Diagram  of  Corrections  : — The  height  of  the  inter- 
mediate line  marks  the  degree  of  the  properties  referred  to.    The  possession 
of  any  property  is  marked  by  the  absence  of  "  black." 

It  is  the  nearest  approach  to  a  universal 
lens,  but  apart  from  its  uses  as  a  whole,  its 
single  combinations  form  excellent  landscape 
lenses  of  about  double  the  usual  focal  length, 
and  are  beautiful  portrait  lenses  if  used  at  their 
full  aperture,  their  field  being  flat  and  their 
definition  uniform  but  not  too  marked. 

The  equality  of  illumination  with  this  type 
is  excellent,  even  at  full  aperture,  the  com- 
binations are  very  close  together,  and  are 
usually  so  large  that  on  a  moderate  sized  plate 
the  edge  will  receive  practically  the  same 
amount  of  light  as  the  centre,  except  at  their  full 
aperture.  This  closeness  of  the  combinations 
must  be  remembered,  as  in  the  small  sizes  up 


Figures  103  and  104  should  be  compared  with, the  corresponding  dia- 
grams of  corrections  and  properties  of  the  other  types  for  purposes  of 
estimating  the  merits  of  each. 
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to  4  inches  it  is  barely  5/100  inches,  and  there 
is  only  just  room  to  get  the  iris  in  between, 
let  alone  a  shutter  of  the  "  between  the  lens 
type."  The  photographer  should  be  chary  of 
sending  a  lens  of  this  type  to  any  but  a 
qualified  lens  maker,  in  order  to  have  a  shutter 
fitted,  as  any  increase  of  separation  will  spoil 
the  covering  power. 

There  is  always  a  fascination  in  possessing 
the  best  of  anything,  and  although  there  are 
differences  between  those  made  by  different 
manufacturers,  the  best  specimens  of  the  type 
are  pre-eminent  over  all  other  forms. 

Telephoto  Attachment  (figure  105). 


It  is  necessary  to  refer  to  this  lens  here  as 
it  is  of  a  type  which  is  increasing  in  import- 
ance, and  which  is  opening  up  a  new  branch 
of  work  possessing  possibilities  little  dreamt 
of  a  short  time  ago.  It  is  in  many  ways 
unique.  It  cannot,  when  used  alone,  form  a 
real  image  (see  Section  I.,  page  15):  it  must 
be  used  in  combination  with  a  positive  of  the 
ordinary  kind.  A  negative  lens  of  this  kind 
should  be  corrected  in  the  same  manner  as 
those  already  referred  to.  It  is  impossible  to 
treat  of  its  special  characteristics  in  a  brief 
resume,  and  a  chapter  in  Section  VI 1.  has  been 
set  apart  for  its  full  consideration,  framed 
upon  a  pamphlet/'"  which  has  already  passed 
through  four  editions. 


Practical   Notes  pn  Telephotography,"  R.  &  J.  Beck,  Ltd.,  price 
6d..  bound  (50  pages  illustrated)  ;   unbound,  post-free.  Id. 


Telephoto 
attachment. 


Figure  105. 
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A  Brief  Summary  of  the  Chief  Points  in 

Section  V. 

1)  There  are  six  general  types  of  lenses  in  use. 

(1)  The  single  non-achromatic. 

(2)  The  double  meniscus. 

(3)  The  single  achromatic, 

(4)  The  rapid  rectilinear. 

(5)  The  Petzval  portrait. 

(6)  The  unsymmetrical  anastigmat. 

(7)  The  universal  anastigmat. 

2)  The  single  non-achromatic  lens  is  one  that  does  not  rank  as  a 

lens  for  serious  work. 

B)    Its  chief  use  is  as  a  supplementary  lens  for  altering  the  focus 
of  those  that  are  better  corrected. 

I)    The  single  non-achromatic  lens  has  a  chemical  focus. 

3)  The  double  meniscus  lens  has  also  a  chemical  focus- 

3)    This  lens  gives  a  rectilinear  image,  i.e.,  no  distortion, 

J)    The  single  achromatic  is    corrected    for  colour,  but  gives 
distortion  at  the  edge  of  the  field. 

])    The  single  achromatic  is  an  excellent  lens  for  landscapes,  at 
an  aperture  of  f/11  or  f/16. 

))    This  lens  was  the  first  in  which  there  was  any  attempt  miade 
to  correct  for  colour. 

])    It  gives  a  brilliant  picture  over  a  small  angle. 

.)    The  portrait  lens  is  made  essentially  for  speed,  and  is  of  little 
use  outside  the  studio. 

I)    It  is  prone  to  flare,  gives  only  a  small  area  of  critical  definition, 
and  a  very  curved  field. 

I)    The  extra-rapid  rectilinear  is  superseding  the  Petzval  lens  for 
the  better  class  of  portrait  work. 

[)    The  rapid  rectilinear  is  the  most  widely  used  of  all  types. 

))    It  surpasses  the  single  achromatic  in  that  it  is  more  rapid, 
gives  a  flatter  field,  a  rectilinear  image,  and  better  definitior  . 

))    It  is  an  excellent  lens  provided  it  is  made  by  a  good  maker. 
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The  chief  difference  between  these  lenses  and  the  anastigmats 
is  that  the  former  are  corrected  for  astigmatism  and 
obhque  aberration,  only  over  a  limited  angle^ 

There  are  two  types  of  anastigmats. 

(a)  The  unsyrnmetrical,  with  combinations  which 

cannot  be  used  separately,  and  which  have 
numerous  air  spaces, 

(b)  The  universal  anastigmats,  v/hich  allow  of  their 

combinations  being  used  separately,  and 
cover,  focus  for  focus,  a  larger  angle  than 
the  unsymmetricals. 

They  are  an  advance  on  the  rectilinears  in  that  they  are 
corrected  for  astigmatism  and  oblique  aberrations  over  a 
very  large  angle,  and  can  be  used  over  this  angle  at  full 
aperture  without-  loss  of  definition.  They  are  also  more 
rapid,  giving  more  critical  definition  and  more  even 
illumination. 

They  are  the  best  of  all  lenses  for  any  branch  of  work,  and 
should  always  be  used  in  preference  to  other  kinds  where 
their  price  is  not  prohibitive. 

The  telephoto  is  a  negative  lena.  and  does  not  give  a  real 
image  (see  Section  VII.). 
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F i ure  1 06. ~  Narrow- Angle  Single  View  Lens,    fi  J  J . 
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Figure  107. —  Wide- Angle  Single  View  Lens.  ijll. 
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Figure  1 
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Double  Meniscus  Lens.  flJ6. 
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Figure  \02.~Petzml  Portrait  Lens .  fl4. 
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Figure  WO.— Extra  Rapid  Rectilinear  Lens.  fl4. 
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Figure  111. — Inferior  Rapid  Rectilinear,  f/5. 
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Figure  W2.— Good  Rapid  Rectilinear,  f/5. 
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Figure  m.—Biplanat.  f/5'<S. 
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F\^\xve\U.—Beck-Steinheil"Orthostigmat.''    fl6'3.   Series  L 
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40°     35°     30°    25°   20°    15°    10°   5°  5°    10°   15°   20°     25°     30°     35°  40° 

Figure  115. — Beck-Steinheil  "  Orthostigmat."    fl6'3.    Series  IL  Convertible, 

Astigmatism  Diagrams  of  a  series  of  lenses  of  the  same  focus  to  illustrate  types.  The 
horizontal  line  shows  the  position  of  the  flat  plate.  The  horizontal  fine  dotted  line  shows 
the  distance  from  the  plate  which  the  focus  may  be,  without  spoiling  the  definition.  The 
two  curved  lines  are  the  positions  [in  all  cases  by  actual  tests  taken  from  individual  lenses] 
of  the  focus  for  horizontal  and  vertical  lines  respectively  [Radial  and  Tangential  astigmatic 
focal  lines]  over  the  field  covered  by  the  lens.  The  shaded  portions  show  the  astigmatism. 
A  mean  position  between  the  two  lines  indicates  the  curvature  of  field. 

N.B. — The  tests  were  made  on  a  series  of  lenses  not  selected  in  any  way,  and  may  be 
taken  as  being  representative,  although  slight  variations  may  be  expected. in  individual  lenses. 


See  page  184. 


PLATE  XXIX. 

An  English  Morning. 


Negative  by  H.  Andrews. 

From  a  photograph  taken  with  a  Beck  Rectilinear  double  meniscus  in  a  Frena  "  Max.' 

PLATE  XXX. 
Rydal  Water. 


Negative  by  H.Andrews. 
From  a  photograph  taken  with  a  Single  View  Lens  in  a  No.  22  Frena. 


page  214. 

PLATE  XXXI 
Micro-Photograph  of  Juncus  Lamprocarpus, 


Negative  by  Dr.  E.  J.  Spitia. 

From  a  photograph  taken  with  a  1-inch  Beck-Steinheil  Orthostigmat,  fl5'3.  Magnifi- 
cation 20  times. 


See  page  235. 

PLATE    XXXII.— Old  Mill,  St.  Albans. 


Nagative  by  ^-  Andrews. 

A  telephotograph  from  the  same  position  as  the  above,  obtained  by  the  addition  of  a  low 
power  Beck-Steinheil  Telephoto  Attachment.    Magnification  5h.  times. 


See  page  236  &  239. 

PLATE  XXXIV. 
St.  Albans  Abbey  from  Verulam  Woods. 


Negative  by  H.  Andrews. 

From  a  photograph  taken  with  a  No.  5  Beck-Steinheil  Orthostigmat,  7h-inch  focus,  fi6'3. 

PLATE  XXXV. 


Negative  by  H.  Andrews. 

The  same  subject  photographed  with  the  same  lens  from  the  same  spot,  with  the  addition 
of'fl  Beck-Steinheil  low  power  Telephoto  Attachment.    Magnification  5  times. 
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SECTION  VI. 


Practical  ApplicationSc 


The  early  portions  of  this  work  dealt  with 
the  lens  taken  as  a  whole,  its  properties  were 
discussed  and  explained,  after  which  the 
various  "types"  were  described.  This  arrange- 
ment was  adopted  in  order  that  the  most 
suitable  lens  for  any  particular  work  might  be 
readily  recognised — or  that  the  limitations  of 
any  lens  actually  in  the  hands  of  the  photo- 
grapher, might  be  gauged.  In  order  to  render 
the  discussion  complete,  the  applications 
themselves  will  be  considered  in  this  section 
in  their  connection  with  the  most  suitable 
lenses.  The  following  branches  of  work  will 
be  treated  of  in  so  far  as  they  are  influenced 
by  the  choice  and  use  of  the  lensc 

Portraiture. 

Landscape  and  general  photography. 
Architecture. 

Instantaneous  and  hand-camera  work. 
Enlarging  and  copying. 
Photo-mechanical  reproduction. 


Practical 
applications. 


Portraiture. 

To  the  photographic  beginner  visions  will  Portraiture, 
arise  of  portraits  taken  of  his  friends  posses- 
sing  the  power  of  a  Rembrandt  or  the  charm 
of  a  Gainsborough,  and  what  wonder  then,  if 
his  first  impulse  is  to  plunge  headlong  into 


difficulties. 
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this  difficult  branch  of  work  ?  But  the  experi- 
enced photographer,  hardened  to  the  fluctua- 
tions of  light  and  shade,  halation  and  swing 
backs — will  advise  him  to  be  cautious  in 
approaching  even  a  second  best  friend,  lest 
the  latter  turn  and  rend  him  ;  for  he  knows  the 
pitfalls  which  surround  the  ardent  beginner, 
and  he  also  knows  how  difficult  it  is  without 
special  accessories  to  produce  anything  better 
than  a  caricature.  Portraiture  more  than  any 
other  branch  of  work  calls  for  special  apparatus 
and  lenses.  It  is  true  that  a  fine  portrait  can 
be  taken  with  a  common  lens.  It  is  difficult, 
but  it  can  be  done  ;  a  machine  or  instrument 
of  any  sort  is  not  so  important  as  the  person 
behind  it,  but  the  beginner  who  is  going  to 
take  up  portraiture  seriously  cannot  afford  the 
time  to  learn  to  use  a  bad  instrument — life  is 
too  short  —  a  proper  choice  of  lens  will 
greatly  help  towards  success.  With  an  unsuit- 
able lens  even  the  experienced  professional, 
who  has  all  the  advantages  of  lighting,  back- 
grounds, accessories  and  costumes,  may  find 
difficulty  in  producing  artistic  results,  and  no 
excuse  is  required  for  entering  somewhat  fully 
into  the  subject. 

Primary  considerations  : — 


(1)  Focal  length  : — Whatever  the  type  of 
•  lens  that  is  employed,  its  focal  length  is  a 
matter  of  great  importance ;  upon  it  depends 
the  truthful  rendering  of  the  different  portions 
of  the  sitter  and  much  of  the  correctness  of 
the  modelling.  In  dealing  with  photographs 
of  the  head  and  shoulders,  a  total  distance  of 
some  8  or  9  inches  in  depth  will  have  to  be 
almost  equally  defined.  The  nostrils,  eyes, 
ears,  and  back  of  the  head  have  almost  the 
same    relative    importance,    and    should  be 


Primary  con- 
siderations. 


(1) 

(2) 
(3) 


Focal  length. 

Rapidity. 

Definition. 
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rendeped  with  a  similar  degree  of  distinctness, 
though  a  trifle  more  brilliancy  in  the  eye  is 
desirable.  The  shoulders  and  chest  are  only 
of  secondary  importance,  and  less  depends  Quality  of 
upon  them  in  depicting  the  characteristics  of  definition, 
the  sitter  ;  they  are  accessories,  and  in  order 
not  to  detract  from  the  main  interest,  should 
be  rendered  with  a  less  degree  of  definition. 

The  fact  that  the  main  aim  of  all  photo- 
graphy, which  is  not  undertaken  for  purely 
diagrammatic  purposes,  is  to  portray  on  a 
flat  surface  an  object  which  possesses  length, 
breadth,  and  thickness,  should  never  be  for- 
gotten ;  and  the  quality  of  the  definition  in  the 
various  planes  of  the  picture  can  be  made  to 
play  an  important  part  in  producing  an  appear- 
ance of  solidarity.  The  eye,  attracted  first  by 
the  sharpest  area  of  definition,  may  roam  over 
the  whole  photograph,  but  will  return  again 
and  again  to  the  clearest  part.  If  the  whole  is 
evenly  defined  there  will  be  no  rest  for  the 
eye,  and  the  interest,  which,  but  for  the  fact 
that  all  is  sharp,  might  have  been  riveted  upon 
some  salient  feature,  will  be  dissipated.  Com- 
parison between  the  "regulation"  vignetted  bust 
of  some  years  back  and  a  photograph  by  a 
modern  artistic  worker  will  emphasize  the 
point.  In  the  former  case,  whether  it  be  the 
carefully  arranged  curl  on  the  forehead  of  the 
sitter  or  the  fifth  waistcoat  button,  the  defini- 
tion will  be  so  equal  and  brilliant  throughout 
that  one  is  tempted  to  think  that  the  photo- 
graph is  intended  for  a  fashion  plate  to  show 
the  latest  cut  of  waistcoat  or  the  newest 
method  of  hairdressing.  At  best  the  result 
will  be  but  a  travesty,  and  destroy  all  traces  of 
personality.  Now,  consider  a  second  photo-  Portrait  of 
graph,  that  of  a  man  past  the  prime  of  an  old  man. 
life,  with  iron-grey  hair  and  furrowed  brow; 
notice  the  gleam  of  light  on  the  hair,  the  softly 
marked  wrinkles  telling  of  a  life  almost  lived 
out.    These  have  not  been  carefully  removed 
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Short  focus 
lenses,  in 
portraiture. 


by  the  soulless  retoucher ;  the  shoulders  are 
softly  defined,  sufficiently  so  to  suggest  the 
stoop,  while  the-old-fashioned  stock,  hardly 
discernable,  forms  a  mere  accessory  to  com- 
plete the  picture.  The  quality  of  definition  is 
soft  yet  equal  over  the  different  planes  of  the 
head,  the  nose  and  chin  are  not  unduly  large, 
or  the  forehead  dwarfed  by  the  use  of  a  short 
focus  lens  (plate  XX.'''). 

A  short  focus  lens  possesses  the  quality 
known  as  depth  of  definition  to  such  a  degree 
that  it  might,  at  first  sight,  be  thought  to  be 
useful  to  the  portrait  photographer,  but  it 
entails  exaggerated  perspective  which  renders 
its  employment  unsuitable.  Where  it  is 
employed  distortion  results — the  sitter's  nose 
will  appear  too  large  and  the  ears  and  fore- 
head dwarfed,  sometimes  to  such  an  extent 
as  to  make  the  likeness  ridiculous.  Reference 
to  figure^ll6  will  explain  the  reason  for  the 
distortion. 


Figure  116. 


It  has  been  explained  that  the  shorter  the 
focus  of  the  lens  employed  the  nearer  the 
camera  the  object  must  be  to  produce  a  picture 
of  a  pre-determined  size.  Suppose  the  lens  A 
is  of  so  short  a  focus  that  the  sitter  must  be 
placed  in  the  position  shown  in  the  diagram 

*In  the  Edition  de  Luxe,  this  plate  is  reproduced  as  a  photogravure 
frontispiece.    This  edition,  beautifully  bound,  price  3/6  post  free. 
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(figure  116).  The  ear  will  be  photographed 
the  same  size  as  the  end  of  the  nose  or 
half  its  correct  size,  because  it  is  nearly 
double  as  far  away.  The  lines  in  the 
diagram  indicate  the  direction  of  the  rays  of 
light,  all  objects  included  in  any  cone  as 
ABC  will  be  photographed  the  same  size. 
Similarly  the  height  from  the  chin  to  the  brow 
will  be  represented  by  this  lens  as  nearly 
double  that  of  the  back  of  the  head,  and  the 
sitter  will  appear  to  have  no  cerebellum. 
When  a  lens,  having  a  long  focus  relative 
to  the  size  of  the  picture,  is  used,  it  will 
have  to  be  placed  much  further  from  the  object^ 
and  lines  drawn  from  different  portions  of  the 
sitter  will  now  be  represented  by  the  lines 
D  E,  etc.  In  this  case  they  will  not  converge 
so  rapidly,  and  the  front  of  the  sitter's  head 
will  be  included  in  only  a  slightly  larger  cone 
than  the  back.  The  ear  will  subtend  a  greater 
angle  than  the  end  of  the  nose,  and  the  various 
portions  will  have  their  true  relative  value. 

As  long  a  focus  lens  as  the  studio  will  permit 
should  invariably  be  used.    A  good  length  is 
three  times  the  longest  side  of  the  plate  in  use. 
For  C.-D.-V.  work  -       -      7  to    9^  in. 
For  Cabinet  -       -       -    14  to  18    in.  Suitable 
For  Promenade    -       -    20  to  26    in.         foci  for 
For  Panel     -       -       -    27  to  35    in.  portraiture. 
The  above  figures  are,  of  course,  only  approxi- 
mate, and  can  be  varied  to  a  considerable 
extent.    The  scale  on  which  the  sitter  is  to  be 
reproduced  will  vary  according  to  whether  it 
is  to  be  a  full-length  study,  three-quarters  or 
bust,  and  it  is  more  particularly  for  the  latter 
work  that  the  above  foci  should  be  employed. 
It  will  be  only  those  favoured  with  long  studios 
who  can  employ  the  lengths  of  focus  therein 
recommended,  and  the   focus  used  may  be 
reduced  to  double  the  longest  side  of  the  plate 
to  be   covered,  without  introducing  serious 
distortion. 
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Tabic  of 

studio 

lengths. 


The  length  of  studio  required  for  the  use  of 
different  focus  lenses  is  appended  in  the  form 
of  a  table. 


Focus  of 
Lens. 

1 

Size. 

Kind  of 
Portrait. 

Length  of 
Studio.  1 

Distance  of  | 
lens  from 
object. 

Typical  Lenses. 

6 

Carte-de-Visite 

Full  length 

feet 
18-20 

feet 
11-12 

f  No.  2  Biplanat 

1  No.  4  Beck-Steinheil* 

7i 

Carte-de- Visite 

Full  length 

22-25 

14-15 

j  No.  3  Biplanat 

(  No.  5  Beck-Steinheil* 

8J 

Carte-de-Visite 

j  Full  length 
(  Bust 

24-28 
10-15 

17-19 
5 

f  No.  4  Biplanat 

(  No.  6  Beek-Steinheil* 

Cabinet  and  5x4 
Groups  

(  Full  length 
'(  Bust 

20-23 
12-17 

12-13 
7 

(  No.  5  Biplanat 

1  No.  7  Beek-Steinheil* 

n 

Cabinet  and  ^-p\. 
Groups  

(  Full  length 
1  Bust 

25-30 
13-20 

17-18 
8 

j  No.  6  Biplanat 

(  No.  8  Beck-Steinheil* 

Cabinet,  Promen- 
ade &  j-pLGroups 

(  Full  length 
1  Bust 

32-40 
14-20 

23-24 
7 

(  No.  7  Biplanat 

]  No.  9  Beck-Steinheil* 

19 

12  X  10  Portraits 
of  Groups 

1  Full  le,ngth 
1  Bust 

20-25 
14-20 

13 
7 

J  No.  8  Biplanat 

(  No.  10  Beck-Steinheil* 

24 

16x12    Ditto  ... 

(  Full  length 
1  Bust 

25-30 
14-20 

14 
8 

]  No.  9  Biplanat 

(  No.  11  Beck-Steinheil* 

*  The  Beek-S  teinheil  Orthostigmat  is  more  particularly  suitable  for 
group  work.  The  Biplanat  for  both  equally.  The  half  combination  of  a 
Beck-Steinheil  Orthostigmat  makes  a  first-rate  portrait  lens  for  large 
heads. 

In  the  above  table  it  will  be  noticed  that 
room  is  allowed  for  the  camera,  operator,  etc., 
of  from  6  ft.  to  8  ft.,  and  should  the  photo- 
grapher know  from  his  experience  that  this  is 
insufficient,  more  should  be  added  to  the  sug- 
gested studio  lengths.  The  employment  of 
extra-long  focus  lenses  for  large  size  pictures 
entails  certain  disadvantages  which  must  be 
mentioned.  These  lenses  are  large  and  heavy, 
and  difficult  to  carry  about,  while  the  camera 
must  of  necessity  have  a  long  extension.  The 
price  will  also  be  high.  Of  recent  years  there 
has  been  an  increasing  enquiry  for  cheaper 
long  focus  lenses  giving  softer  definition  (see 
plate  XXI.)  than  the  old  Petzval  type  of  por- 
trait lens,  and  the  half  combinations  of  such 
lenses  as  the  Beck-Steinheil  Orthostigmat  or  the 


*This  length  of  focus  is  approximately  that  which  is  in  general  use. 
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Biplanat  (see  plate  XX.-),  while  only  half  the 
price  of  the  whole,  will  double  the  available 
focal  length,  be  somewhat  lighter,  and  give 
excellent  results  for  artistic  work. 

This  type  of  lens  has  such  distinctive  ^  ...  , 
features  that  two  portraits  are  here  illustrated.  ^^^^  ^^f^ 
Plate  XXI 1.  is  a  portrait  taken  with  an  11 -inch  definition. 
Biplanat  as  a  whole  at  f/8,  and  illustrates  in  an 
effective  manner  two  points  of  importance. 
The  lens  was  of  far  too  short  a  focus  for  the 
cabinet  size  picture,  particularly  as  the  sitter 
has  her  head  thrown  back,  showing  rather 
prominently,  the  end  of  the  nose.  This  is  made 
unduly  large,  as  also  is  the  mouth — in  fact  as 
a  picture,  the  result  is  poor.  The  definition  is 
much  too  critical  for  the  subject,  a  young  face 
is  not  sufficiently  pronounced  in  character  to 
warrant  anything  but  soft  delineation — the 
bloom  of  youth  cannot  be  represented  by 
microscopic  definition.  In  plate  XXI 1 1,  the 
same  sitter  is  photographed  under  similar 
conditions  of  lighting,  but  with  the  half  com- 
bination of  the  same  lens,  a  22-inch  single 
lens  with  an  aperture  of  about  f/9.  This  result 
illustrates  the  antithesis  of  the  foregoing,  the 
features  resume  their  normal  relation,  for  the 
focus  is  now  three  times  the  length  of  the 
longest  side  of  the  plate  and  the  definition  is 
pleasing,  being  perfectly  even  over  the  whole 
of  the  face,  and  just  sufficiently  soft  over  the 
shoulders  to  give  a  gentle  contrast. 

From  these  two  illustrations  the  value  of  a 
single  lens  for  portrait  work  will  be  appre- 
ciated, and  one  may  expect  a  steady  increase 
in  its  popularity.  In  the  examples  cited  the 
cost  of  the  lens  giving  the  best  result,  was  only 
slightly  more  than  half  the  other ;  a  Petzval 
lens  of  the  same  focus  as  the  single  lens  would 
cost  a  prohibitive  sum.    There  are,  of  course, 

1-  1  P  11  o I  the  Single 

limitations  to  the  use  or  a  single  lens.    Where  leas  for 
rapidity  is  of  primary  importance,  these  lenses  ipjortraiture, 

*This  plate  appears  as  a  photogravure  frontispiece  in  the  Edition  de  Luxe. 
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are  unsuitable,  as,  given  sufficiently  good 
corrections,  they  cannot  be  made  so  rapid 
as  a  doublet. 

(2)  Rapidity. 

The  experience  of  generations  of  professional 
and  amateur  workers  in  portraiture  has  demon- 
strated the  fact,  that  rapidity  is  often  an 
essential  for  successful  work  in  this  branch. 
It  is  possible  under  favourable  conditions  to 
produce  first-class  results  with  a  slow  lens." 
But  the  conditions  under  which  portraits  are 
procured  are  generally  such  that  advantage 
must  be  taken  of  every  ray  of  light  that  can  be 
included  by  the  lens.  Except  for  group  work, 
which  will  not  be  here  referred  to,  all 
negatives  will  be  produced  indoors  in  a  studio 
with  a  northern  light,  and  most  of  that  cut  off 
by  blinds  for  purposes  of  modelling.  Some  of 
the  finest  artistic  effects  are  obtained  by  using 
light  coming  from  one  source  only,  perhaps 
from  an  area  of  not  more  than  6  square  feet. 

The  modelling  of  the  subject  will  largely 
depend  on  the  handling  of  the  light.  If  a 
sphere  be  placed  in  a  room,  brilliantly  lighted 
upon  all  sides,  it  will  appear  flat  like  a  disc,  but 
gradually  cut  off  the  light  on  one  side  and  the 
effect  of  curvature  will  begin  to  appear,  the 
modelling  will  improve,  till  it  will  be  at  its 
maximum  when  the  strongest  light  comes 
from  but  one  side,  and  there  is  just  sufficient 
reflected  light  from  the  walls  and  ceiling  to 
moderate  the  shadows.  The  peculiar  effect 
of  lighting  generally  spoken  of  as  after  Rem- 
brandt (how  that  venerable  gentleman  must 
turn  in  his  grave  at  the  mere  thought  of  some 
of  the  results — by  his  commercial  pupils)  is 
produced  by  lighting  the  subject  from  one 
well-defined  source,  say  an  opening  3  ft.  square 


*  In  treating  of  the  various  applications  to  which  lenses  may  be  put, 
the  most  suitable  lenses  only  are  indicated,  not  those  which  could  be  made, 
under  certain  conditions,  to  perform  the  work. 
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high  up  in  the  studio  side  light,  and  placing 
the  camera  nearly  opposite  to  the  source  of 
light  with  the  sitter  between  the  light  and  the 
lens.  This  is  the  class  of  portrait  to  severely 
test  the  rapidity  of  a  lens  ;  there  will  be  high 
light  running  down  the  profile  touching  the 
neck  and  some  part  of  the  hair,  while  the 
majority  of  the  sitter  will  be  in  shadow — 
shadow  that  must  not  be  too  opaque  lest  the 
result  be  a  silhouette,  but  clear  and  trans- 
parent and  full  of  detail. 

Out  of  doors  a  portrait  of  small  size  can 
be  taken  with  an  exposure  of  1-80  of  a  second, 
at  f/8  in  a  bright  light.  In  a  studio  the  light 
will  be  cut  down,  and  moreover,  the  sitter  will 
be  moderately  near  to  the  lens,  so  that  the 
light  affecting  the  photographic  plate  will 
perhaps  be  but  1-500  the  intensity  of  that 
outside.  Now,  the  photographer  is  called  upon 
to  produce  pictures  of  children  and  other  rest- 
less creatures,  so  that  short  exposures  must 
be  given,  for  who  can  follow  the  working  of 
the  infantile  mind  and  discover  the  psychic 
moment  when  stillness  of  face  and  limb  are 
coincident,  and  will  continue  so  for  a  second  or 
more  ?  It  is  not  with  children  alone  that 
short  exposures  are  the  order  of  the  day. 
Adults  also  are  subject  to  attacks  of  the  fid- 
gets, and  the  photographer  who  was  obliged  to 
wait  for  stillness  of  the  subject,  combined  with 
a  satisfactory  expression,  could  accommodate 
but  a  small  number  of  sitters  in  a  day.  If  the 
photographer  is  accustomed  in  the  ordinary 
way  to  use  rapid  plates,  the  only  method  of 
further  reducing  the  exposure  is  by  the  use  of 
a  rapid  lens.  A  lens  working  at  f/4  is  eight 
times  as  rapid  as  one  working  at  f/11,  and  an 
exposure  of  ^  sec.  is  correct  for  the  f/4  lens 
when  1  sec.  would  be  necessary  for  the  other. 

There  is  a  point,  however,  to  be  considered — 
if  a  lens  working  at  an  aperture  of  f/4  is  always 
stopped  down  to  f/8  to  insure  satisfactory  results. 
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it  is  no  more  rapid  than  a  lens  whose  largest 
aperture  is  f/8,  in  fact,  there  are  positive  disad- 
vantages pertaining  to  the  rapid  lens  stopped 
down.  Some  photographers,  when  asked  what 
aperture  they  use  will  tell  you  that  they  don't 
know,  neither  do  they  know  the  focus  of  the 
lens  ;  they  only  know  what  result  they  want, 
and  they  know  when  they  have  got  it,  but  the 
method  by  which  the  result  is  arrived  at  does 
not  interest  them.  It  may  be  found  that  they 
are  using  an  f/4  lens  of  the  Petzval  type 
stopped  down  to  f/8  or  f/11,  for  which  they 
may  have  paid,  if  it  be  a  lens  by  a  first-class 
maker,  some  £25  or  £30.  If  they  had  gone  to 
the  trouble  of  finding  out  what  aperture  was 
the  one  most  suitable  for  them  to  use,  a  lens 
of  this  aperture  could  have  been  purchased  at 
half  or  quarter  the  price. 

In  the  early  days  of  photography,  when  the 
Daguerreotype  was  in  vogue,  it  was  necessary 
to  stand  some  30  seconds  in  the  blazing  sun  to 
procure  a  picture  of  any  kind,  and  an  increase 
in  the  rapidity  of  the  lens  must  have  been  a 
veritable  Godsend.  Following  that,  came  the  wet 
plate  process,  still  requiring  exceptionally  long 
exposures,  and  the  Petzval  lens  introduced  at 
that  period  with  an  aperture  passing  some  32 
times  as  much  light  as  the  lenses  then  in  use, 
was  welcomed  as  a  means  of  shortening  the 
exposure, and  universally  adopted.  Oldcustoms 
die  hard,  and  even  to-day  the  Petzval  is  the 
most  popular  portrait  lens.  It  has  little  claim 
to  be;  the  field  is  extremely  curved,  the  defini- 
tion is  critical,  too  critical  and  that  over  a  very 
limited  field,  after  which  it  falls  away  rapidly  ; 
it  is  subject  to  flare,  and  stopping  down  does 
not  increase  its  good  qualities  to  any  great 
extent ;  it  is  heavy  and  costly  and  only  appli- 
cable to  indoor  work  -groups  and  outdoor 
subjects  being  alike  beyond  its  scope.  Re- 
membering that  it  is  often  used  at  from 
f ''6  to  f/8,  there  must  be  other-  lenses  more 
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suitable.  Since  the  wet  plate  days,  the  rapidity 
of  their  "dry"  relations  has  increased  with 
leaps  and  bounds,  and  to-day  the  fastest  plates 
are  some  100  times  more  rapid  than  the  old 
wet  ones,  and  there  is  no  need  to  use  a  lens 
entailing  so  many  disadvantages  as  the  Petzval 
for  a  slight  gain  in  rapidity. 

A  lens  for  portraiture  should  have  an  avail- 
able aperture  of  f/5-6  or  thereabouts,  at  which 
it  can  be  used  without  stopping  down.  A  lens 
of  this  class,  such  as  the  "  Biplanat,"  will  do 
anything  a  professional  photographer  may 
require  of  it,  including  groups  out  of  doors — 
where  a  fair  angle  is  to  be  included — and  it 
used  with  a  smaller  stop  for  land- 
On  the  other  hand,  where  a  speciality 
of  children's  portraits,  there  is  no 
doubt  that  a  larger  aperture  is  required  such 
as  f/4,  and  this  being  the  case,  a  lens  embrac- 
ing a  larger  angle  than  the  Petzval  with  a 
flatter  field  and  more  even  definition  should 
be  obtained  ;  a  lens  of  this  type  is  the  Extra 
Rapid  Rectilinear."  For  adults,  a  lens  as  slow 
as  f/1 1  need  not  be  discarded.  For  large  heads 
there  is  no  lens  to  touch  the  rapid  single  lens, 
the  definition  is  delightfully  soft  and  even,  and 
the  focus  will  of  necessity  be  long  if  it  is  a 
half  combination  of  a  rapid  lens,  while  the 
price,  a  consideration  nowadays,  will  be  much 
less  than  that  of  a  doublet.!  For  group  work, 
whether  indoors  or  out,  a  lens  is  needed  that 
gives  a  flat  field  and  even  definition  ;  here, 
again,  the  Petzval  is  found  wanting,  and  a  lens 
such  as  the  Biplanat  or  the  Orthostigmat  is 
recommended. 

(3)   Quality  of  Definition. 

Quality  of  definition  can  be  fairly  considered 
as  of  primary  importance  in  portrait  work. 
The  days  of  Daguerre  have  passed,  and  with 
them  the  necessity  of  placing  the  subject  in 

*  For  further  points  on  this  lens,  compare  figures  109  &  110,  pa^e  160. 
iSee  plates  XX.,  XXI.,  XXII.,  and  XXIII. 
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the  full  glare  of  the  noonday  sun  in  order  to 
reduce  the  necessary  exposure.  When  this 
had  to  be  done  the  lighting  was  beyond  control ; 
there  was  no  modelling,  and  all  that  was 
wanted  was  definition;  critical,  diagrammatic 
definition.  As  plates  became  faster  and  the 
lighting  could  be  controlled,  critical  definition 
still  held  sway,  although  Dallmeyer  introduced 
a  form  of  the  Petzval  lens  in  which  the 
requisite  softness  could  be  obtained  by  un- 
screwing one  element  of  the  back  combination. 

Latterly  it  has  been  shown  that  lenses  can 
be  made  having  the  advantages  of  rapidity  and 
flatness  of  field,  together  with  a  softer  defini- 
tion, while  more  brilliant  definition  can  be 
procured  by  slightly  stopping  down.  Examine 
any  portrait  by  a  great,  or  indeed  a  less  known 
painter,  and  where  will  you  see  every  hair  in 
the  eyebrow  clear  and  distinct,  and  every 
thread  in  the  necktie  or  dress  so  plainly 
depicted,  as  to  suggest  a  Manchester  merchant's 
sample  ?  It  may  be  necessary  for  a  "  Photo- 
grapher by  appointment  to  the  Police  "  to 
present  a  cabinet  portrait  to  his  employers  in 
which  every  hair  is  depicted — for  purposes  of 
identification— but  this  comes  within  the  scope 
of  copying  rather  than  portraiture.  Soft 
definition  is  essential  for  truthful  work.  This 
may  be  obtained  by  placing  the  lens  slightly 
out  of  focus  or  by  allowing  the  presence  of  a 
small  amount  of  spherical  aberration,  but  such 
an  error  must  not  be  present  in  too  marked  a 
degree  or  the  picture  will  tend  to  show  doubled 
lines  at  the  edge  of  any  white  portion,  such  as 
the  collar,  and  the  examination  of  such  a 
picture  might  suggest  the  idea  that  one  has 
dined  "  not  wisely  but  too  well." 

A  lens  such  as  the  Biplanat,  which  in  the 
longer  focus  models  possesses  a  certain 
amount  of  softness  in  the  centre  of  the  field 
with  the  largest  stops,  is  very  suitable  for 
portraiture,  particularly  for  amateurs,  as  the 
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negatives  produced  by  it  require  less  re- 
touching. 

It  is  generally  supposed  by  the  artistic  public, 
that  retouching  is  the  worst  evil  that  can  befall 
a  professional  portrait,  and  there  is  a  basis  of 
truth  in  the  idea.  To  retouch  a  photograph 
so  that  the  skin  appears  to  have  a  silken 
texture,  and  to  rennove  all  characteristic 
lines  ruins  it  as  a  likeness,  and  should 
not  be  tolerated  except  in  the  portraits  of 
professional  beauties.  Sonne  retouching,  how- 
ever, will  be  necessary  in  almost  all  large 
portraits.  A  photograph  will  translate  a  slight 
yellowish  mark  or  freckle  into  a  black  dis- 
figurement, and  the  v/ork  would  be  quite  untrue 
to  nature  unless  such  a  defect  were  removed. 
Curious  devices  have  from  time  to  time  been 
invented  to  attempt  to  soften  down  the  result. 
One  method  was  suggested  in  which  a  grid- 
iron with  a  number  of  small  gas  flames  was 
waved  between  the  sitter  and  the  lens  during  a 
portion  of  the  exposure,  but  the  only  effect  of 
this,  was  to  somewhat  fog  the  plate,  a  matter 
which  might  have  been  accomplished  in  a 
much  simpler  manner. 

There  are  two  secondary  considerations  to 
be  mentioned : — 

(1)  Angle  of  view. 

(2)  Curvature  of  field. 

(1)  Angle  of  view: — This  is  much  the  same 
question  as  that  of  the  most  suitable  focus, 
although  technically  it  means  the  angle  of 
view  which  each  lens  is  capable  of  including, 
apart  from  the  angle  it  actually  subtends 
when  used  on  a  particular  plate.  A  limited 
angle  of  view  is  all  that  is  required,  for  if  the 
lens  has  an  equivalent  focal  length  equal  to 
three  times  the  longest  side  of  the  plate,  this 
will  only  mean  an  angle  of  some  20°  at  the 
most,  and  almost  any  lens  having  a  focal  length 
of  12  inches,  will  illuminate  a  J-plate  at  full 
aperture.    If  groups  are  to  be  taken,  a  greater 
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angle  may  be  necessary,  and  under  certain 
circumstances,  it  may  be  as  much  as  40  or  50 
degrees.  This  will  mean  that  the  focus  of  the 
lens  will  have  to  possess  equal  illumination 
over  a  larger  angle  than  is  usual  in  lenses  of 
the  Petzval  type.  Any  good  lens  of  the  Rapid 
Rectilinear  Biplanat,  or  Anastigmatic  type, 
will  answer  well  for  this  work,  but  by  prefer- 
ence choose  a  lens  with  an  aperture  of  f/6,  so 
that  short  exposures  may  be  given  in  bad  light. 
Quick  exposures  are  more  essential  in  a  large 
group  than  for  single  figures,  for  there  are 
many  individuals  who  may  move.  With  the 
most  restless  single  sitter  a  period  of  stillness 
may,  with  patience,  be  caught,  but  with  a' 
number  of  people  these  periods  of  rest  will 
not  coincide. 

(2)  Curvature  of  field: — It  has  been  said 
that  a  certain  amount  of  saucer-shaped  curva- 
ture of  field  is  useful,  in  that  it  requires,  that  a 
grouped  series  of  figures  should  be  so  arranged 
that  the  members  at  the  edge  are  nearer  to  the 
camera  than  those  in  the  centre,  in  other  words, 
that  the  group  form  a  semi-circle.  It  is  doubt- 
ful if  any  excuse  can  be  found  for  such  a 
statement,  the  arrangement  is  unnatural  and 
unpleasing,  and  the  figures  at  the  edge  will  come 
out  larger  in  size  than  the  centre  ones.  On  the 
other  hand,  a  stiff  row  of  people  is  not  artistic 
in  a  photograph,  or  for  that  matter,  anywhere 
— for  group  work  a  lens  with  a  flat  field  is 
undoubtedly  the  best.  If  the  lens  were  to  have 
a  field  curved  slightly  away  from  the  lens  the 
figures  at  the  edge  would  require  to  be  some- 
what further  away  than  the  central  ones, 
which  is  the  more  suitable  arrangement,  giving 
as  it  does  more  prominence  to  the  centre  of 
the  picture  —  but  this  form  of  curvature  is 
seldom  met  with  in  anything  but  experimental 
lenses. 

For  busts  curvature  of  the  field  is  of  little 
importance,  for  the  head  is  usually  near  the 
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centre  of  the  field,  and  if  tine  accessories  be 
slightly  out  of  focus  it  only  enhances  the 
effect. 

Before  leaving  the  question  of  portraiture  a 
few  general  remarks  may  be  of  interest.  A 
large  number  of  amateur  photographers  have 
cameras  .of  the  box  model  type,  and  to  these, 
the  desire  to  do  some  portrait  work,  is  sure  to 
come  sooner  or  later.  It  may  be  that  their 
cameras  are  possessed  of  a  certain  amount  of 
focussing  motion,  but  it  will  rarely  be  enough 
to  allow  of  a  large  sized  picture  of  a  head  being 
sharply  focussed  on  the  plane  of  the  plate.  It 
is  not  advisable  to  stop  down  to  get  the  extra 
depth  required,  as  it  would  mean  that  the 
background  would  be  equally  sharp  and  the 
picture  flat.  An  example  in  point  is  given  in 
plate  XXIV.  The  picture  was  taken  in  Boulogne, 
when  two  methods  were  possible ;  the  first 
method  would  have  been  to  stop  down  the 
lens,  as  mentioned,  till  everything  was  sharp ; 
this  result  would  have  been  anything  but 
pleasing  ;  the  picture  obtained  was  gained 
through  the  instrumentality  of  a  supple- 
mentary lens,  which  is  the  best  method  of 
effecting  a  successful  portrait  or  genre  study 
with  a  box  model  camera'.  It  so  shortens  the 
focus  that  only  objects  at  a  specified  distance 
are  rendered  sharply,  the  rest  being  somewhat 
indistinct;  it  also  enables  objects  as  near  to 
the  camera  as  2  ft.  to  be  sharply  focussed,  so 
that  full-sized  portraits  can  be  taken. 

The  question  of  supplementary  lenses  or 
magnifiers  is  more  fully  described  in  Section 
VI.  One  advantage  this  system  has  for  hand- 
camera  portraiture,  is  that  the  actual  depth  of 
definition  of  the  com.bined  lens  and  magnifier 
is  engraved  on  the  supplementary  lens,  so  that 
the  range  of  focus  at  any  one  time  is  known, 
and  the  position  at  which  the  sitter  is  to  be 
placed  determined  with  accuracy. 

The  question  of  lighting  is  of  too  technical  a 
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character  to  be  fully  discussed  here,  but  for 
the  benefit  of  those  who   do   not  possess  a 
studio  a  remark  or  two  may  serve  as  an  indica- 
Lighting.       ^^^^  lines  upon  which  to  work.  The 

chief  light  should  come  from  one  side  to 
ensure  the  requisite  modelling,  while  there 
must  be  sufficient  from  the  other  to  illuminate 
the  shadows.  The  chief  light  should  come 
from  above,  but  never  so  much  so  as  to  pour 
straight  down  upon  the  sitter's  head,  or  it  will 
give  dark  shadows  under  the  eyes  and  nose 
and  a  blazing  light  on  the  forehead  and  hair. 
A  good  portrait  can  often  be  obtained  under  a 
veranda  with  light  from  white  clouds  coming 
from  one  side,  a  white  screen  being  placed  on 
the  other  and  a  sheet  upon  the  ground.  The 
camera  should  always  be  a  little  above  the 
sitter's  head,  so  as  not  to  over  emphasize 
the  chin  and  neck  or  give  an  unpleasant  view 
of  the  nostrils.  Avoid  the  brick  wall,  or  the 
laurel  as  a  background ;  blankets  and  curtains 
slightly  out  of  focus,  or  a  plain  plastered  or 
distempered  wall  are  very  fair  substitutes 
for  the  more  elaborate  accessories  of  the 
professional. 
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Maximum  of  qualities 


Degree  required  for  portraiture. 
Figure  HT*. 

1.  Rapidity.  4.    Angle  of  view. 

2.  Depth  of  definition.  5.    Equality  of  illumination. 

3.  Quality  of  definition.  6.  Absorption. 

The  height  of  the  intermediate  line  marks  the  degree  to  which  the 
qualities  are  required;  the  less  "black"  that  appears,  the  less  of  that 
particular  quality  is  essential. 

*  This  diagram  illustrates  the  degree  to  which  the  various  qualities 
indicated  are  required  for  a  good  portrait  lens;  those  that  have  been 
described  as  of  primary  importance  must  be  satisfied  first,  and  those  of 
secondary  importance  next. 

If  on  comparing  this  diagram  with  those  descriptive  of  properties, 
occurrinS  in  section  V.,  it  be  found  that  several  types  possess  the  six 
properties  to  a  greater  degree  than  indicated  in  fig.  117,  it  should  be 
remembered  that  it  does  not  prevent  their  making  good  portrait  lenses. 
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For  the  purposes  of  comparison  a  diagram 
(figure  117)  is  attached,  which  illustrates  the 
relative  importance  of  the  qualities  for  this 
particular  branch  of  work,  and  if  the  diagrams 
in  the  previous  Section  V.  are  referred  to,  the 
type  of  lens  which  most  nearly  approximates 
to  this  diagram  in  its  essentials  is  the  one  that 
is  most  suitable.  It  must  be  understood  that 
cut  and  dried  diagrams  like  this  cannot  be 
quite  accurate,  and  are  only  intended  as  a  guide. 


Landscape  and  General  Work, 


This  heading  is  so  wide  that  it  might  at  first 
sight  appear  to  include  anything  and  every- 
thing that  may  cross  the  photographer's  path, 
but  there  are  many  branches  that  do  not  fall 
within    it,    however    broad   the  expression 

general  "  may  seem  ;  there  is  a  large  field 
where  photography  is  employed  for  purely 
technical  purposes.  It  is  used  to  record  the 
construction  of  mechanical  contrivances,  to 
produce  mere  transcripts  of  infinite  variety, 
from  a  pulpit  to  a  string  of  pearls.  It  forms 
an  aid  to  many  studies  where  it  is  both  more 
rapid  and  more  exact  than  pencil  or  brush 
work.  It  has  aided  in  astronomical  discoveries 
to  an  extent  little  guessed  by  the  uninitiated, 
while  for  the  reproduction  of  pictures  it  is  of 
the  first  importance. 

Some  divisions  must  be  made,  however,  and 
this  heading  is  not  intended  to  apply  to  hand- 
camera  work,  but  rather  to  the  careful  and 
precise  use  of  the  Stand  camera  "  upon  the 
tripod.  Even  the  amateur  who  takes  up  photo- 
graphy as  an  amusement  in  his  idle  moments, 
will  be  anxious  to  obtain  as  beautiful  results  as 
possible,  and  although  the  power  of  appre- 
ciating what  is,  or  will  make  a  picture,  cannot 
possibly  be  pointed  out  in  a  book,  the  influence 
of  the  lens  upon  the  artistic  qualities  of  the 
results  is  perhaps  possible. 
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The  Technique  "  of  photography  is  not  the 
Technique.  governing  factor  of  artistic  work  that  some  would 
have  it  beheved,  at  the  same  time  the  painter 
cannot  afford  to  neglect  the  consideration  of 
his  various  pigments  or  the  photographer  his 
lens.  The  photographer  who  approaches  his 
subject  equipped  with  a  knowledge  of  the  effect 
of  a  lens  on  the  resultant  picture,  will  be  in  a 
better  position  to  produce  good  work  than  one 
who  considers  not  his  tools. 

It  may  be  some  help  to  analyse  the  manner 
in  which  a  beautiful  landscape  impresses  itself 
upon  the  mind ;  the  effect  caused  by  colour  need 
not  be  here  discussed,  as  at  present  it  cannot  be 
reproduced  in  the  photograph.'''  The  effects  of 
A  beautiful  light  and  shade  will  not  be  referred  to,  as  the 
landscape.  lens  has  but  little  influence  on  their  produc- 
tion, but  the  arrangement  and  relative  sizes 
and  importance  of  the  different  objects  is 
worthy  of  attention. 

The  eye  will  roam  over  an  expanse  of  country 
seemg  only  a  very  small  portion  distinctly.  It 
can  range  overanumber  of  objects,  each  of  which 
it  will  see  vividly  depicted  in  succession,  but  in 
mostcases there  will  beonefeature  which  chains 
the  attention  more  completely  and  to  which  the 
other  portions  are  merely  subservient.  An  im- 
pression,to  be  complete,  should  allow  the  eye  to 
rest,  while  the  mind  can  contemplate  and  form 
a  broad  idea,  rather  than  that  the  eye  should 
flit  about  among  a  number  of  conflicting 
interests  making  it  impossible  to  form  an  idea 
of  the  scene  as  a  whole.  A  pleasing  photo- 
graph must  aim  at  a  similar  result,  and  although 
the  means  at  the  photographer's  disposal  are 
limited,  there  are  certain  methods  of  arriving 
at  this  end.  The  arrangement  of  the  view,  the 
choosing  and  placing  of  an  appropriate  figure 
in  the  foreground,  the  selection  of  the  point  of 

••'There  have  been  many  methods  of  natural  colour  phoLo^rapliy  intro- 
duced, but  in  all  cases  there  is  d  mgerof  the  tone  and  colour  values  of  nature 
being  mrsinterpreted,  owing  to  the  use  of  some  arbitrarily  selected  pigment 
necessary  to  the  reproduction  of  the  various  colours. 
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view  so  that  some  reflection  or  other  brilliant 
object  forms  a  striking  incident,  is  of  great 
importance,  but  there  are  other  influences 
purely  optical  that  have  an  important  bearmg 
on  the  result.  The  relative  sharpness  of  the 
different  objects  can  be  varied  by  judicious  use 
of  stop  and  focussing  motion  ;  the  most  import- 
ant object  must  be  the  sharpest,  while  the 
remainder  should  be  rendered  in  differing 
degrees  of  clearness,  but  not  so  fuzzy  as  to 
cause  in  the  observer  an  unpleasant  feeling  in 
the  eyes,  for  such  an  extreme  may  be  even  more 
out  of  place  than  a  too  brilliant  definition.  The 
thing  to  be  most  carefully  avoided  in  landscape 
work  is  microscopic  delineation  over  the  whole 
plate,  vv^hich  reduces  the  most  carefully  com- 
posed subject  to  the  level  of  a  diagram.  This 
is  particularly  true  in  hazy  England,  where 
nothing  but  the  "  glass  eye  "  of  the  camera 
sees  the  distant  horizon,  even  on  the  brightest 
days,  as  a  clean  cut  line. 

Extremes,  however,  of  any  kind  are  bad,  and 
some  of  the  so-called  artistic  productions  are 
mere  "  fuzzytypes  "  without  point  or  interest. 
It  is  claimed  for  the  latter  that  they  give  a 
breadth  and  strength,  allowing  of  a  fine  play 
of  the  imagination,  but  surely  the  imagination 
must  have  some  guide  or  stimulus  to  direct  it. 
It  is  the  subtleties  of  light  and  shadow,  of  tone 
and  half-tone  that  allow  of  its  full  play.  Let 
an  illustration  be  taken. 

Imagine  a  dusty  moorland  road  stretching 
across  the  high  land  separating  two  Yorkshire 
dales.  It  winds  here  and  there  through  a  slight 
depression  to  the  distant  hills,  not  straight  like 
a  giant's  rule,  or  like  a  Roman  road,  which 
passes  over  hill  and  valley,  without  a  turn  or 
swerve  through  one  county,  or  another.  This 
one  follows  the  contour  of  the  hills  and  along  it 
moves  a  flock  of  sheep,  slowly,  guided  to  market 
by  a  solitary  horseman  and  two  patient  sheep- 
dogs.   The  road  is  dusty  and  the  sun  is  hot,  see 
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The  ideal 
landscape : 
a  change. 


Plane  to  be 
most  sharply 
rendered. 


how  it  beats  down  on  the  backs  of  the  curly- 
coated  sheep,  and  touches  the  stirrup  and  rein 
of  the  rider  which  forms  the  interest  of  the 
picture.  On  either  hand  istherough  moor,  while 
beyond,  the  white  winding  road  to  the  farther 
blue  hills  across  the  dale,  somewhat  indistinct, 
seen  through  the  dust  of  the  driven  sheep.  All 
that  is  to  be  seen  sharply  are  the  sunny  backs 
of  the  sheep  and  the  tireless  dogs  and  man ;  one 
is  just  conscious  of  the  moor  on  either  hand 
and  of  the  endless  road  and  distant  hills,  of 
the  dust  and  stones  at  one's  feet.  These  are 
but  accessories  and  are  only  vaguely  felt ;  it  is 
the  dumb  patience  of  the  flock  that  rivets  the 
attention.  So  it  is  m  all  the  striking  scenes  of 
nature  and  of  life,  something  perfectly  clear, 
forcible,  distinct,  and  much  vague,  indistinct, 
forgotten — after  it  is  passed.  N  ow  for  a  moment 
picture  a  change.  The  road  nearer  becomes 
clear  and  sharp,  the  stones  stand  clean  cut — 
flint  nodules  and  granite  chips — the  heather 
at  either  side  of  the  track  drawn  stem  for 
stem,  bell  for  bell,  the  hills  in  the  distance 
brought  close  and  clear  and  sharp,  and  the 
flock  and  its  watchers  brilliantly  pictured  in 
every  detail.  The  picture  and  its  meaning  is 
gone,  one's  eyes  have  nowhere  to  dwell,  there 
is  no  atmosphere,  no  illusion,  no  scope  for 
picturing  the  wordless  story — all  is  unrest. 

This  latter  description  applies  to  many  land- 
scape photographs,  the  former  is  an  ideal  by 
no  means  unapproachable. 

Suppose,  with  regard  to  its  qualities  for  ren- 
dering perspective,  that  the  lens  is  suitable  for 
this  class  of  work.  In  the  majority  of  cases  it 
will  be  a  long  focus  lens  that  is  chosen— it  is  only 
in  rare  instances  that  an  exaggerated  perspec- 
tive giving  a  greater  appearance  of  distance  can 
be  used.  It  is  well  to  have  a  lens  with  a  large 
aperture  which  should  be  opened  to  its  limit, 
the  principal  object  being  focussed  carefully, 
and  the  picture  examined  on  the  ground  glass 
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to  see  if  the  planes  of  the  middle  distance  and 
distance,  are  rendered  sufficiently  softly  to 
differentiate  between  them,  but  not  so  indis- 
tinctly as  to  be  lost.  Stop  down  till  a  point  is 
reached  where  the  eye  is  satisfied  in  this 
respect,  but  beware  of  making  the  distance  too 
sharp,  as  it  is  never  seen  perfectly  distinct  in 
nature.  The  haze  usually  present  in  an 
English  landscape  can  be  relied  on  to  sub- 
ordinate the  far  distance,  and  it  is  the  fore- 
ground and  the  middle  distance  that  require 
to  be  carefully  watched. 

The  representation  of  different  planes  in 
a  picture  in  differing  degrees  of  sharpness 
is  one  of  the  best  methods,  apart  from  per- 
spective, of  indicating  solidity.  Stereoscopic 
vision,  due  to  the  fact  that  two  distinct  images 
of  the  same  object  are  received  by  the  two 
eyes,  is  the  main  agency  by  which  distance  is 
estimated  and  the  appearance  of  depth  and 
solidity  obtained  by  an  observer.  As  a  single 
photograph  can  never  give  two  separate 
pictures,  one  for  each  eye,  other  means  to 
produce  the  same  effect  must  be  employed. 
Variations  in  sharpness  have  been  alluded  to, 
perspective  has  been  treated  of  under  angle  of 
view,  but  another  word  might  be  said  upon  the 
use  that  can  be  made  of  haze,  or,  as  it  is  some- 
times called,  atmospheric  perspective.  As 
objects  become  more  and  more  distant  the 
haze  due  to  the  minute  particles  of  matter  in 
the  air  becomes  more  marked,  so  that  objects 
at  a  distance  are  fainter  and  less  sharply 
defined.  This  is  liable  to  be  exaggerated  unless 
an  isochromatic  filter  is  used,  for  the  haze  is 
peculiarly  full,  as  it  were,  of  actinic  light.  It 
will  vary  according  to  the  weather  and  the 
time  of  day  ;  if  the  sun  is  low  in  the  sky,  haze 
will  be  more  apparent.  A  good  test  as  to  the 
quality  of  the  light  in  this  respect  is  to  examine 
the  shadows ;  there  are  certain  brilliant  days 
familiar  to  all,  when  the  shadows,  usually  grey, 
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are  black  and  hard;  this  is  a  positive  indication 
that  haze  is  absent  and  usually  occurs  in  this 
country  after  a  severe  rain  storm,  but  it  is  a 
condition  much  more  common  abroad. 

In  a  Swiss  mountain  viev/,"for  instance,  peaks 
which  are  in  reality  20  or  30  miles  away,  appear 
to  be  in  the  next  valley,  makmg  it  difficult 
to  produce  Swiss  landscape  views  that  appeal 
to  the  dweller  in  this  land  of  half-tones.  On 
the  other  hand,  a  view  from,  one  of  the  low 
hills  of  Galloway  will  have  upon  a  clear  day, 
the  foot  hills  of  the  English  Lake  District  for 
a  horizon,  blue  and  indistinct  in  the  distance. 
These  will  be  next  to  impossible  to  repro- 
duce in  a  photograph  unless  by  the  aid  of  a 
spectrum  filter. 

Lighting  also  aids  solidity,  the  long  "shadows 
of  early  morning  or  late  evening  helping 
composition  ;  direct  light  v/ith  no  shadows 
invariably  flattens  the  picture  and  makes  it 
impossible  to  get  a  good  gradation  of  tone. 

The  foregoing  remiarks  might  be  out  of  place 
when  discussing  purely  instantaneous  or  hand- 
camera  work,  but  may,  perhaps,  be  excused  on 
the  ground,  that,  in  this  branch  more  than  in 
any  other,  will  be  found  the  thoughtful  photo- 
graphers. The  influence  of  a  suitable  lens 
will  now  be  considered. 

Primarycon-  PRIMARY  CONSIDERATIONS, 

sidcrations.  (!)  Focus. 

(2)  Angle  of  view. 
(1)  Focus  :  —  Can  be  varied  at  pleasure 
between  indefinite  limits,  but  it  is  the  question 
of  which  focus  to  choose,  that  presents  difficul- 
ties. Let  a  long  focus  lens  be  chosen;  as  much 
as  twice  the  longest  side  of  the  plate  is  a  good 
average,  including  as  it  does  only  some  35 
degrees.  The  reason  for  this  choice  is  the 
one  discussed  under  Section  V.,  angle  of  view. 
A  narrow-angle  picture  can  be  viewed  at  any 


*The  photogravure  included  in  the  Edition  de  Luxe,  illustrates  a  picture 
taken  at  a  distance  of  some  seven  miles. 
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distance  with  truth,  a  wide  or  medium-angle 
one  must  be  viewed  at  a  short  distance  ;  a 
wide-angle  picture  reduces  the  importance  of 
the  distance  and  exaggerates  the  foreground, 
ponds  become  lakes  and  lakes  become  oceans. 
This  might  even  be  tolerated  were  it  not  that 
the  "  perspective  lines  "  are  so  increased  that  a 
square  becomes  oblong  and  a  circle  an  ehpse. 
Again,  a  wide-angle  lens  means  one  of  short 
focus,  and  a  short  focus  lens  gives  too  great  a 
depth  of  focus,  rendering  all  planes  in  the 
object  equally  sharp. 

Plate  XXVI  I.  is  taken  with  a  56-inch  focus 
lens  upon  a  |-plate  (a  telephoto  lens),  while 
plate  XXVI II.  is  taken  with  a  7-|-inch  lens. 
The  standpoint  from  which  the  two  are  taken 
v/as  chosen  so  as  to  render  the  old  mill 
about  the  same  size  in  both  pictures.  It 
is  scarcely  necessary  to  point  out  the  differ- 
ences. In  the  picture  by  the  shorter  focus 
lens  the  distance  is  lost,  the  mill  stream  might 
be  the  Thames  without  its  shipping,  and  the 
composition  is  spoilt  through  having  to  take 
the  picture  from  too  close  a  position — though 
the  clouds  almost  save  the  picture.  It  is  un- 
necessary to  use  as  long  a  focus  lens  as 
that  which  was  used  in  plate  XXI.,  for  a 
subject  was  chosen  that  required  a  very  long 
focus  lens  to  emphasize  the  point,  but  as  often 
as  not  a  poor  picture  with  a  7-inch  lens  will 
become  a  good  one  if  the  lens  is  changed  for  a 
12-inch  one.  In  this  particular  case  nothing 
short  of  30  inches  would  have  done,  as  to  get 
the  distance  properly  rendered  a  position  had 
to  be  taken  up  on  a  slight  hill  some  half  mile 
from  the  mill,  because  any  nearer  point  would 
have  been  too  low. 

With  a  stand  camera  the  use  of  a  lens  of 
about  12-inch  focus  entails  little  difficulty. 
More  than  one  focus  is  required  for  serious 
landscape  work,  and  no  lens  is  more  conveni- 
ent  than    the    "Convertible"  Orthosti^mat 
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(anastigmat).  A  half-plate  lens  of  7f-inch 
focus-'  may  be  used  for  snap-shots,  interiors, 
street  subjects  and  architectural  work,  while 
its  two  elements  form  single  lenses  each  having 
a  focus  particularly  suitable  for  pictorial  land- 
scapes ;  but  the  above  remarks  should  not  pre- 
vent the  possessor  of  a  hand  camera  from 
attempting  landscape  work  of  an  artistic  kind. 

Plates  XXIX.  and  XXX.  are  inserted,  not  that 
they  claim  to  possess  the  stamp  of  genius,  but 
that  they  are  pleasing  and  have  certain  quali- 
ties of  light  and  shade,  depth  and  solidity.  In 
both  cases  the  effect  of  distance  is  given  by 
the  lack  of  absolute  sharpness  and  the  full  use 
of  the  blue  haze  of  our  English  landscapes. 
The  long  shadows  from  the  low  sun,  lying 
across  the  meadow  in  plate  XXIX.,  assist  the 
composition. 

(2)  Angle  of  view :— This  is  closely  allied 
to  the  foregoing,  but  for  purposes  of  compari- 
son it  is  convenient  to  consider  it  separately. 
The  focus  of  a  lens,  compared  with  the  plate 
upon  which  it  is  used,  determines  the  angle  of 
view  of  that  picture,  but  the  afigle  of  view  of 
the  lens  means  that  it  is  capable  of  giving 
when  used  upon  a  large  plate.  A  narrow-angle 
lens  of  12-inch  focus  and  a  wide-angle  one  of 
the  same  focus  will  give  identical  results  upon 
a  J-plate,  but  whereas  the  wide  angle  might  be 
used  to  take  a  15x12  picture,  the  narrow 
angle,  if  used  on  the  same  plate,  would  only 
illuminate  a  small  portion  of  the  centre,  leaving 
the  edges  black. 

A  fairly  wide-angle  lens  is  a  distinct  advan- 
tage, as  although  the  whole  angle  is  not  utilized 
at  one  time  on  a  large  plate,  the  lens  can,  if 
necessary,  be  placed  considerably  out  of  centre 
by  means  of  the  rising  front,  and  any  portion 
of  this  large  angle  selected  ;  while  a  narrow- 
angle  lens  will  not  allow  of  an  extended  use  of 


*This  lens,  the  No.  5A.B.S.C.O. 
14^  focus  respectively. 
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the  rising  front.  Moreover,  a  wide-angle  lens 
of  aconsiderablefocus,  used  instead  of  a  narrow- 
angle  lens  on  a  |-plate,  may  at  any  time  be 
used  on  a  much  larger  plate,  the  only  objection 
to  always  choosing  a  lens  of  this  class  for 
landscape  work  being  that  the  lens  which  will 
fulfil  these  requirements  the  best  is  the 
Orthostigmat  (anastigmat),  and  may  be  too 
expensive.  If  this  lens  is  precluded  on  account 
of  its  price,  it  is  better  to  use  a  medium-angle 
lens  for  medium-angle  work  and  an  ordinary 
wide-angle  lens  for  wide-angle  work. 

In  those  cases  where  it  is  desirable  to  make 
a  greater  use  of  the  rising  front  than  the  lens 
will  permit  in  the  ordinary  way,  the  camera  Distortion 
may  be  tilted  and  the  distortion,  if  sufficiently  in  landscape 
marked  to  be  unpleasant,  may  be  corrected  by  work, 
the  use  of  the  swing  back.  In  obtaining  pictures 
of  landscapes  with  no  architecture  included  in 
the  subject  near  the  edge  of  the  field,  distor- 
tion is  scarcely  noticeable,  a  little  additional 
inclination  given  to  a  ''weeping  willow"  being 
hardly  likely  to  attract  attention. 


Secondary  Considerations. 

(1)  Brilliancy. 

(2)  Curvature  of  field. 

(3)  Distortion. 

(1)  Brilliancy  is  of  interest  in  landscape 
work  in  so  far  as  it  effects  the  possible  range 
of  tones  employed  in  the  monochrome  tran- 
script of  nature.  Good  lenses  vary  little  in 
this  respect  if  they  have  not  more  than  four 
air  surfaces.  Some  of  the  very  best  work  that 
has  been  done  at  any  time  has  been  with  the 
single  landscape  lens  with  its  two  reflecting 
surfaces  only.  Fast  plates  and  fast  lenses, 
carelessly  used,  tend  to  over-exposure,  and  a 
flat  result  follows  as  a  matter  of  course.  Many 
defects  put  down  to  a  lack  of  brilliancy  in  the 
lens  may  be  more  correctly  ascribed  to  incor- 
rect timing  of  the  exposure. 
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(2)  Curvature  of  field:  —  This  is  a  defect 
that  should  not  exist  in  a  lens  if  it  is  to  be  used 
for  landscape  work  only,  though  here  it  does 
not  cause  such  unpleasant  results  as  in  more 
diagrammatic  work;  nevertheless,  if  an  import- 
ant element  of  the  picture  lies  near  the  edge 
of  the  field,  it  may  be  necessary  to  stop  down 
the  lens  to  get  sharpness  when,  for  other 
reasons,  it  would  have  been  advantageous  to 
use  the  largest  aperture  the  lens  possessed. 
Long  focus  lenses  are  recommended  for  land- 
scapes, and  they  give  a  sufficiently  flat  field 
when  used  on  a  small  plate. 

(3)  Distortion  : — This  is  not  a  serious  draw- 
back in  landscape  photography,  but  cannot  be 
allowed  to  pass,  for  street  scenes  or  buildings. 
It  is  also  a  defect  that  is  only  apparent  in  short 
focus  lenses  and  need  not  here  claim  too  much 
attention,  as  there  is  nothing  in  a  landscape 
that  is  so  rigid  as  to  show  distortion  ;  it  hardly 
matters  if  the  old  oak  appears  twisted  a  little 
more  than  is  actually  the  case. 

There  is  no  other  branch  of  work  where  so 
much  latitude  can  be  allowed  in  the  choice  of 
a  lens,  but  the  advice  may  be  given  to  "  buy  the 
best."  A  lens  of  a  cheaper  type  may  do  all  that 
is  required  in  nearly  every  case,  but  there  will 
occasionally  be  some  scene  that  calls  for 
special  qualities — it  may  be  great  rapidity  or 
flatness  of  field,  and  if  the  lens  be  not  capable 
of  responding  to  the  demand,  an  opportunity 
will  be  lost. 

The  "  Convertible  Orthostigmat  "  seems  to 
have  special  qualifications  for  landscape  and 
general  work — as  a  whole  it  is  rapid,  combin- 
ing the  necessary  qualities  for  street  scenes, 
pictorial  and  telephoto  work  with  or  v/ithout 
figures,  and  in  its  two  combinations  it  provides 
at  the  same  time  excellent  long  focus  land- 
scape lenses,  suitable  for  any  effort  on  the 
part  of  the  most  careful  and  artistic  worker. 
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12         3         4         5  6 


Diagram  of 
most  suitable 
lens. 


1.  Rapidity.  4.    Angle  of  view. 

2.  Depth  of  definition.  5.     Equality  of  illumination. 

3.  Quality  of  definition.  6.  Absorption. 

The  height  of  the  intermediate  line  marks  the  degree  to  which  the 
qualities  are  required;  the  less  "black"  that  appears,  the  less  of  that 
particular  qua'ity  is  essenUal. 

Figure  1 18  expresses  the  properties  required 
in  a  lens  for  landscape  and  general  photo- 
graphy, showing  that  no  property  is  of  over- 
whelnning  innportance.  A  connparison  between 
this  figure  and  those  in  the  previous  section 
will  show  that  a  useful  landscape  lens  can  be 
selected  from  any  one  of  the  types. 

Architectural  Photography. 
This  subject  recalls  memories  of  the  days 
when  one  was  a  beginner  in  the  art,  and  how, 
after  making  libellous  representations  of 
one's  good-natured  friends,  it  became  clear 
that  the  post  of  court  photographer  could  be 
no  sinecure.  After  having  chased  the  family 
dog  and  the  family  cat  over  the  flower  beds 
in  the  vain  hope  of  obtaining  a  picture  like  one  Architecture 
of  Landseer's,  one  turned  in  despair  for  advice 
to  a  friend  of  mature  experience,  v/ho  recom- 
mended one  to  photograph  the  house.  It  has 
no  sensitive  feelings,  neither  will  it  run  away, 
what  is  more,  it  will  remain  still  during  any 
length  of  exposure.  The  advice  was  good,  a 
picture  was  obtained — it  was  hard  to  recognise 
as  the  house,  for  the  lines  were  falling  in.  The 
camera  being  near  the  ground,  too  much  fore- 
ground and  too  little  house  had  appeared  on  the 

'  This  diagram  indicates  the  degree  to  v/hich  the  various  qualities 
indicated  are  required  for  a  good  landscape  lens,  in  each  case  the  more 
important  a  property  is  to  the  successful  working  of  the  lens  the  nearer 
does  the  line  approach  the  apex  of  the  cones  and  the  less  black  appears. 
Any  lens  having  a  line  that  runs  higher  than  the  one  drawn  will  also  be 
suitable,  if  lower  it  will  not.  If  the  line  is  lower  at  only  one  point,  that 
quality  alone  is  deficient. 
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focussing  screen,  and  so  the  camera  had  been 
tilted,  and  the  photograph  showed  the  house 
apparently  falling  backwards ;  the  use  of  the 
swing  back  and  rising  front  were  at  that  time 
unknown.  Such  experiments  give  the  beginner 
an  insight  into  the  use  of  his  apparatus,  and 
are  the  most  certain  methods  of  teaching 
manipulation. 

Much  that  has  already  been  said  will  apply 
to  the  subject  of  architectural  photography,  it 
can  be  treated  diagrammatically  or  pictorially, 
it  may  be  used  as  a  series  of  plates  illustrative 
of  various  kinds  of  carvings  and  designs,  or  as 
a  medium  for  the  artistic  expression  to  be 
found  in  all  stone  memorials. 

The  grim  determination  of  the  Norman 
Overlord,  exemplified  in  the  strength  and 
massivaness  of  outwork  and  keep,  followed  by 
the  high  ideals  of  growing  national  feeling  in 
the  graceful  Early  English  style,  culm.inating 
in  the  somewhat  over  elaboration  of  the 
Decorated  period  a  century  later  is  followed  by 
the  period  of  decline  in  ideals,  typified  in  the 
r/eYturc^  shallower,  yet  still  beautiful,  work  of  the  Per- 
pendicular artificers.  The  stately  mansions 
of  the  later  Tudors  clearly  tell  the  story  of  the 
consolidation  of  the  country,  its  freedom  from 
internal  and  external  wars  ;  they  are  no  longer 
fortified,  but  show  a  desire  on  the  part  of  the 
architect  to  design  the  building  for  the  comfort 
of  the  inhabitants  rather  than  for  their  pro- 
tection ;  while  in  our  own  times  a  mixed 
architecture,  some  good,  most  bad,  none  as 
permanent  as  what  has  gone  before,  denotes 
a  superficiality,  a  hurry,  a  curious  admixture 
of  wealth  and  commercialism,  occasionally 
illuminated  by  a  genuine  inspiration. 

Although  the  foregoing  remarks  suggest  to 
the  earnest  worker  scope  for  individual  expres- 
sion, many  people  will  be  content-  to  produce 
photographs  which  are   records  rather  than 


Possibilities 
of  archi- 
tectural 
work. 
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pictures,  and  the  discussion  of  the  lens  will  be 
confined  to  its  power  of  producing  a  correct 
copy. 

Primary  Considerations. 

(1)  Focus. 

(2)  Distortion. 

(3)  Complete  angle  of  view. 

(1)  Focus: — In  no  other  subject  does  the 
question  of  the  focus  that  is  most  suitable, 
present  so  many  difficulties.  No  one  length 
of  focus  can  be  recommended.  In  the  interior 
of  a  cathedral  it  is  difficult  to  select  an  ideal 
position  for  the  camera — one  cannot  getfurther 
away  from,  say,  an  organ  screen  than  is  per- 
mitted by  the  wall  at  the  west  end,  and  the 
view  may  have  to  be  taken  at  close  quarters  ; 
and  similarly,  it  is  often  impossible  to  get  close 
to  some  piece  of  detail  or  carving  without  the 
use  of  scaffolding.  Therefore,  to  be  ready  for 
any  emergency  the  architectural  photographer 
must  have  lenses  of  different  foci — one  should 
be  of  short  focus,  say  5  or  5  inches  for  a 
half-plate,  not  longer  than  the  longest  dimen- 
sion of  his  plate,  and  with  this  lens  views  can 
be  taken  at  close  quarters  that  would  other- 
wise be  impossible.  Another  lens  should  have 
a  focus  about  half  as  long  again,  say  9  inches 
for  the  half-plate  ;  this  will  be  the  lens, 
used  for  most  exteriors  and  interiors.  It 
should  be  used  in  preference  to  the  shorter 
focus  one  wherever  possible,  as  it  will  not  give 
unduly  exaggerated  perspective.  A  third  lens 
should  be  added  to  complete  the  photographer's 
outfit,  and  that  should  be  about  12  inches  or 
15  inches  focus,  or,  better  still,  be  a  telephoto 
attachment  to  fit  the  short  focus  lens  giving  a 
long  range  of  foci,  from  15  inches  to  50  inches ; 
with  this  lens  inaccessible  details  can  be 
photographed  on  a  large  scale.  The  peculiar 
properties  of  this  useful  adjunct  are  fully 
discussed  under  Section  VII. 


Primary  con 
siderations. 


Focus. 


Lenses  for 
architec- 
tural work. 


The 

telephoto 
lens. 


190 


Distortion. 


Straight 
lines. 


Angle  of 


view. 


Tilting  the 
camera. 


Swing  back 
and  rising 
front. 


(2)  Distortion  : — A  lens  which  possesses 
distortion  to  any  appreciable  degree  should  not 
be  employed.  A  single  lens  which  would  give 
distortion  at  the  edge  of  the  field  when  used 
on  a  large  plate  can  be  used  on  a  small  one 
over  the  area  that  is  free  from  this  error.  As 
contrasted  with  those  of  nature,  the  works  of 
man  abound  in  straight  lines.  No  landscape 
is  ever  composed  of  straight  lines,  no  hill  or 
river  ever  crosses  the  view  from  point  to  point 
as  does  a  Roman  road.  It  is  difficult  to  recall 
any  natural  objects  which  possess  clear  cut 
ed'ges,  but  wherever  man  appears  he  creates 
them.  The  telegraph  poles  on  the  Cape  to 
Cairo  railway  supply  more  straight  lines  than 
the  heart  of  Africa  itself  could  have  produced. 

Architecture,  depending  as  it  does  for  its 
beauty  upon  the  arrangement  of  its  Imes  as 
much  as  upon  its  light  and  shade,  requires 
that  the  lens  chosen  for  its  portrayal  shall 
copy  accurately  and  give  no  distortion. 

(3)  Total  angle  of  view  : — The  total  angle  of 
view  of  a  lens  to  be  used  for  architectural 
photography  should  be  considerably  greater 
than  that  required  to  cover  the  plate — to 
explain  the  advantage  of  this  let  the  photo- 
grapher suppose  that  he  is  facing  the  west 
front  of  a  cathedral.  In  order  to  take  in  the 
whole,  the  eye  must  look  upwards,  and  the 
camera  must  follow  suit  unless  a  single  door- 
way and  a  lot  of  paving  stones  alone  are  to  be 
photographed.  But  if  the  camera  is  pointed 
up,  as  suggested,  the  appearance  of  the  west 
front  will  be  like  a  pyramid,  the  upright  lines 
slanting  towards  each  other  as  if  it  were  falling 
over  backwards.  There  are  two  methods  of 
overcoming  this  trouble. 

(1)  By  the  swing  back. 

(2)  By  the  rising  front. 

(1)  The  first  is  the  one  most  commonly  used 
when  lenses  include  small  circles  of  illumination. 
If  the  camera  back  which  carries  the  plate 
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holder  be  arranged  so  as  to  be  parallel  with  the 
cathedral  front  (vertical),  the  lines  will  no 
longer  slant  together,  but  will  be  straight  and 
parallel,  though  only  sharply  defined  in  the 
centre,  the  top  and  bottom  being  fuzzy  ;  sharp- 
ness throughout  may  be  obtained  by  stopping 
down  sufficiently.  This  method  has  the 
disadvantage,  that  although  the  lines  may  be 
rendered  straight  the  height  of  the  building 
will  be  shortened,  and  in  so  far  the  picture 
will  not  be  truthful. 

(2)  By  the  use  of  the  rising  front : — This 
second  method  is  carried  out  by  placing  the 
camera  square  on  the  ground,  the  lens  board 
and  plate  back  being  both  parallel  to  the  front 
of  the  cathedral.  The  lens  itself  is  raised  so 
as  to  include  more  of  the  top  of  the  building 
and  exclude  foreground.  This  is  a  better 
method  of  obtaining  the  required  result,  not 
only  because  the  drav/ing  of  the  building  will 
be  correct,  but  because  a  good  lens'"'  need  not 
be  used  at  such  a  small  aperture,  as  is  neces- 
sitated by  the  use  of  the  swing  back.  It  is 
obvious  that  in  order  to  do  this  a  lens  must 
be  capable  of  covering  a  much  larger  plate 
than  the  one  upon  whicli  it  is  used  in  the 
ordinary  way,  in  other  words,  it  must  have  a 
wide  an^le  of  view. 


Swing  back. 


Untruthful- 
ness of  the 
swing  back. 


Rising  and 
cross  front. 


A  Figure  119.  D 

The  foregoing  will  be  illustrated  by  reference 


*The  field  of  a  gocd  lens  (orlhostigmat)  is  flat  right  up  to  the  edge  of 
the  circle  illuminated. 
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Explanation 
of  swing 
back  and 
rising  front. 


to  figure  119.  In  A  (figure  119)  the  camera  is 
tilted,  and  the  two  lines  (aa')  represent  the  limit 
of  the  circle  of  illumination  of  the  lens,  which 
is  only  just  sufficient  to  cover  the  plate,  (bb') 
being  the  limits  of  the  same  circle  in  a  lens 
which  illuminates  a  larger  area.  Where 
method  No.  1  is  employed  either  lens  fulfils  its 
function,  that  is,  it  covers  the  plate  XX'.  In 
B  (figure  119),  when  the  method  of  the  rising 
front  is  used,  the  cone  (aa')  is  insufficient  to 
include  all  the  plate  XX'  within  its  limits — a  lens 
illuminating  a  cone  only  that  size  would  leave 
more  than  half  the  plate  blank.  On  the  other 
hand,  a  lens  with  an  angular  width  of  cone  equal 


to  (bb')  will  cover  the  plate  XX',  so  that  no 
portion  would  be  blank.  Figure  120  (A  &  B)  is 
the  appearance  of  the  plate  under  the  condi- 
tions indicated.  O  is  the  position  of  the  lenses 
in  each  case  (aa'  and  bb'),  being  the  limit  of  the 
circle  of  illumination  in  each  case  also. 

This,  then,  is  a  sufficient  reason  for  choosing 
a  lens  capable  of  including  a  wide  angle  of 
view  for  architectural  photography.  With 
scarcely  any  exceptions,  all  purely  archi- 
tectural subjects  require  the  rising  front  to  be 
used  to  some  extent,  as  it  is  seldom  that  the 
camera  itself  can  be  placed  on  a  level  with  the 
centre  of  the  required  view.  In  interiors  it  is 
often  so  dark  that  it  is  difficult  to  see  if  the 
corners  of  the  plate  are  illuminated  properly, 
and  if  the  lens  covers  a  large  circle  no  fear 
need  be  felt  on  this  account. 


A 


B 


See  page  239. 


PLATE  XXXVI. 
Durham  from  across  the  Weir. 


See  page  239. 

One  of  the 


PLATE  XXXVII. 
West  Towers  of  Durham  Cathedral. 


Negative  by  H.  Andrews. 

From  a  telephoiograph  taken  with  a  No.  5  Beck-Steinheil  Orthostigmat  and  a  No.  4 
Standard  Power  Attachment ,^ magnification  5  times.  It  is  taken  from  the  same  standpoint  as 
plate  XXXVI. 


See  page  239. 

PLATE    XXXVI 1 1 .  — Durham  Cathedral,  Interior. 


See  page  239. 

PLATE    XXXIX.  —  Interior  of  Durham  Cathedral. 
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Secondaf^y  Considerations.  Scconda 

consider 

(1)  Rapidity.  ations, 

(2)  Curvature  of  field. 

(1)  Rapidity: — This  quality  is  of  some 
importance  in  architectural  work,  for  although  Rapidity 
these  subjects  remain  stationary  it  is  often 
inconvenient  to  give  the  prolonged  exposures 
that  badly  lighted  interiors  require  with  a  slow 
lens.  A  special  service  may  require  the  hurried 
removal  of  the  apparatus  before  the  subtle 
differences  between  shadow  and  deeper  shadow 
have  been  recorded  on  the  sensitive  plate.  It 
is  not  infrequent  that  an  exposure  of  half  an 
hour  is  necessary  to  do  justice  to  some  intri- 
cate interior  with  many  dark  recesses  and 
unequally  lighted  masses  of  stonework,  and  after 
all  there  are  only  a  limited  number  of  half- 
hours  that  can  be  used  in  a  day's  photography. 

A  further  advantage  of  a  rapid  lens  is  that 
it  is  often  difficult  to  see  the  picture  on  the 
ground  glass  clearly  enough  to  focus  accurately 
by  and  a  large  aperture  greatly  helps  in 
making  this  adjustment.  Before  actually 
exposing  the  lens  may  be  stopped  down  to  a 
smaller  aperture  to  get  the  required  depth, 
but  the  larger  aperture  can  be  made  use  of  to 
focus  with. 

The  question  of  rapidity  brings  in  its  train 
that  of  depth  of  definition.  This  plays  an 
important  part  in  architectural  work,  as  the 
different  portions  of  the  picture  lie  at  different 
distances  from  the  lens,  some  almost  as  close 
as  a  full-length  figure  would  be  in  a  studio, 
while  others  are  at  a  considerable  distance, 
and  they  should  all  be  rendered  with  a  fair 
degree  of  sharpness.  It  is  not  advisable  to  put 
some  portion  out  of  focus  as  in  landscapes; 
the  effect  of  distance  should  be  obtained  by 
perspective,  and  this,  too,  is  the  most  effective 
means  of  giving  an  appearance  of  solidity. 
The  eye  is  so  used  to  examine  each  object  in 
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an  interior  in  turn  that  it  is  not  safe  to  leave 
any  portion  badly  defined. 

Consider,  for  instance,  a  dining-hall  ;  there 
is  the  oak  table,  the  near  edge  is  only  5  feet 
from  the  lens,  while  the  ingle  nook  may  be 
30  feet;  if  the  lens  be  a  wide-angle  one,  say  a 
4-inch  on  a  half-plate,  this  will  mean  a  differ- 
ence between  the  two  focal  points  of  |-inch. 
To  get  both  the  table  and  the  ingle  nook 
adequately  sharp,  an  aperture  not  larger  than 
f/32  will  have  to  be  used.  In  a  large  interior 
so  great  a  depth  will  not  usually  be  required, 
sothatf/11  or  f/16  is  often  sufficiently  small. 
Occasionally,  though  very  seldom,  the  back- 
ground may  be  placed  slightly  out  of  focus, 
more  especially  if  it  is  intended  to  draw  atten- 
tion to  any  particular  object  or  portion  of  the 
view ;  this  is  a  matter  that  each  photographer 
must  solve  for  himself. 

One  other  point  might  be  touched  upon  in 
this  connection — it  is  usually  much  the  wisest 
plan  to  photograph  interiors  when  the  sun  is 
not  shining  ;  a  dull,  grey  day  being  the  best. 
The  shadows  are  then  less  intense,  the  high- 
lights less  brilliant,  while  the  delicate  effect  of 
carved  capital  and  clustered  columns  can  be 
better  rendered,  the  tone  and  distance  are 
nearer  the  truth,  and  the  effect  of  patchiness 
avoided.  No  rules  can  be  given,  a  slanting 
sunbeam  glancing  on  to  a  dark  oak  screen  may 
give  life  and  brightness  to  a  grey  old  church, 
though  to  photograph  such  violent  contrasts 
the  plate  must  be  given  ample  exposure,  or  the 
sunbeam  will  leave  a  slash  of  white  without 
detail  or  tone  which  will  mar  the  print. 
Exposures,  even  in  extreme  cases,  must  be 
made  for  the  shadows. 

(2)  Curvature  of  field  : — A  slight  amount  of 
saucer-shaped  curvature  of  field  may  be  no 
disadvantage  in  interior  or  street  scene  work 
when  the  edge  of  the  view  is  nearer  to  the 
camera  than  the   centre,   for,  as    has  been 
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previously  mentioned,  objects  close  to  the 
camera  come  to  a  focus  further  from  the  lens 
than  do  distant  ones.  However,  a  lens  with  a 
flat  field  is  the  most  suitable,  for  there  are 
quite  sufficient  difficulties  to  distract  the 
attention  without  adding  curvature  of  field. 


Max  mum  cf  qua.ities. 

Degree  required  for  architectural 

work. 


Figure  121.* 


4.  Angle  of  view. 

5.  Equality  of  illumination. 
G.  Absorption. 


1.  Rapidity. 

2.  Depth  of  definition. 

3.  Qualify  of  definition. 


The  height  of  the  intermediate  line  marks  the  degree  to  which  tlie 
qualities  are  required;  the  less  "black"  that  appears,  the  less  of  that 
particular  quality  is  essential. 

The  lens  most  nearly  approximiating  to  figure 
121  in  its  essentials  is  the  one  that  is  most 
nearly  the  ideal  for  architectural  work. 


Diagram  of 
most  suitable 
lens. 


Lenses  for  Hand  Cameras. 

The  vast  majority  of  amateur  photographers 
are  hand-camera  workers,  and  the  opinion 
seems  to  exist  that  this  is  the  easiest  brancli 
of  work  for  the  beginner  to  start  upon  ;  in 
reality  it  calls  for  a  degree  of  perfection  in  the 
lens,  that  is  not  necessary  for  stand  work,  it 
being  easier  to  do  good  work  with  a  poor  lens 
on  a  stand  camera  than  on  a  hand  camera. 


Hand- 
camera 
lenses. 


Primary  Considerations. 
(1)    Central  definition. 


(2)  Rapidity. 

(1)  Central  definition 
hould  give  perfec 


A  hand-camera  lens 
definition  in  the  centre  cf 


Primary 
consider- 
ations. 


Central 
definition. 


The  considerations  of  the  most  importance  are,  first  Distortion  and 
angle  of  view,  and  secondly,  Rapidity. 
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the  field,  and  this  should  be  expected  and 
demanded  whatever  type  of  lens  is  chosen  ;  it 
should  also  be  free  from  flare. 

Rapidity.  (2)    Rapidity  : — The  fact  that  instantaneous 

exposures  are  required  in  hand-camera  work 
means  that  both  the  lens  and  the  sensitive 
film  must  be  as  rapid  as  possible.  The  most 
rapid  exposures,  1-1 00th  to  1-1 000th  of  a  second, 
need  a  specially  brilliant  light  and  a  lens  with 
an  aperture  of  about  f/6  ;  exposures  from 
1-1 0th  second  to  1-1 00th  do  not  require  more 
than  f/11  or  so,  if  the  light  is  fairly  good.  A 
large  aperture  lens  is  always  an  advantage,  as 
the  full  aperture  *  need  only  be  used  in  poor 
light  or  for  exceptionally  short  exposures,  and 
it  is  useful  to  have  this  to  fall  back  upon  under 
such  conditions. 

(3)  Depth  of  focus :  — This  is  particularly 
Depth  of  required  for  snap-shot  work,  as  it  is  difficult 
focus.           to  gauge  the  distance  of  an  object  from  the 

camera,  and  more  than  one  plane  must  be 
sharp  at  once." 

(4)  Covering   power : — Great   rapidity,  to- 
gether with  covering  power,  can  only  be  com- 

Covering  bined  in  the  best  of  lenses — great  rapidity  and 
power.  depth  of  focus  can  never  be  obtained  in  one  lens. 

The  small  aperture  required  to  obtain  depth  of 
focus  means  loss  of  rapidity  ;  but  it  should  be 
remembered  that  a  short  focus  lens  gives  more 
depth  than  a  longer  one,  therefore,  if  a  lens  is 
sufficiently  perfect  to  cover  a  large  plate  with 
a  short  focus,  it  should  be  chosen  in  prefer- 
ence to  one  of  a  longer  focus.  For  instan- 
taneous work  a  4^-inch  Orthostigmat  will  give 
.  sharp  definition  over  the  whole  of  a  J-plate  or, 
indeed,  of  a  5x4  plate  at  full  aperture,  while 
to  obtain  the  same  result  on  a  J-plate  with  a 
rectilinear  lens  at  f/c-3,  a  6i-inch  lens  would 
have  to  be  used  ;  the  difference  of  depth  of 


*It  is  of  great  advantage  to  know  this  distance  accurately  for  any  given 
aperLure.    The  cornex  index  gives  this  accurately. 
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focus  in  these  two  cases  would  be  so  great 
that  the  second  lens  would  only  give  half  that 
of  the  first,  and  the  rectilinear  would  have  to 
be  stopped  down  to  f/ 14,  or  to  about  1/5  the 
rapidity  of  the  Orthostigmat  to  give  a  like 
depth  of  focus.  Thus  it  is  that  where  price 
can  be  ignored  there  is  little  trouble  in  select- 
ing the  most  suitable  lens,  as  the  Orthostigmat 
(anastigmat)  possesses  all  the  requisite  pro- 
perties, and  it  remains  only  to  choose  a  suitable 
focus  for  the  size  of  camera  decided  upon. 

This  choice  must  depend  upon  three  con- 
siderations. . 

Choice  oi 

(1)  Depth  of  focus.  focus. 

(2)  The  size  of  the  plate. 

(3)  The  angle  of  view  to  be  included. 

Except  under  special  conditions  where  there  is 
opportunity  to  focus  exactly  and  certainly,  alens 
having  a  longer  focus  than  7i  inches  should  not 
be  employed  on  account  of  its  lack  of  depth  of 
definition  ;  irrespective  of  the  camera  size. 
Suppose  a  picture  of  an  approaching  cyclist  is 
the  subject  in  hand;  if  the  lens,  when  focussed 
for  20  feet,  has  only  sufficient  depth  to  give  a 
sharp  picture  of  objects  between  18  and  22 
feet,  it  is  impossible  to  gauge  the  distance 
sufficiently  accurately  to  ensure  success.  It 
is  for  this  reason  that  snap-shot  camcas  are 
rarely  successful  if  of  a  larger  size  than  5x4, 
or  at  the  utmost  -|-plate  (6-Jx4f),  a  larger 
camera  requiring  a  longer  focus  lens  to  cover 
the  plate.  It  is  for  the  same  reason,  that  fixed 
focus  cameras  are  not  made  larger  than  this 
size. 

The  conclusion  arrived  at  from  this  is  that 
the  best  focus  to  choose  is  the  shortest  that 
will  sharply  cover  the  plate,  and  the  following 
are  those  that  comply  with  this  condition  if 
the  lens  is  to  be  of  the  Orthostigmatic 
(anastigmatic)  type. 


198 


Focus  of 

orthostigmal 

for  certain 

plates 

neglecting 

perspective. 


Short  focus  lenses  give  too  great  an  angle 
of  view  for  correct  perspective  rendering,  and 
this  third  factor  is  of  so  much  importance  to 
most  photographers,  that  they  prefer  lenses 
of  a  longer  focus  than  those  listed  above.  The 
scale  on  which  objects  are  reproduced  is  too 
small,  and  the  camera  would  have  to  be  too 
near  them  to  be  convenient  in  practice.  For 
general  work,  therefore,  the  following  are  the 
foci  recommended. 


if  the  camera  is  to  be  used  for  figure  or 
animal  studies  it  is  preferable  to  use  a  still 
longer  focus,  and  to  rely  more  upon  the  focus- 
sing scale  than  upon  the  depth  for  the  requisite 
sharpness.  To  produce  pictorial  work  a  longer 
focus  is  preferred  by  some,  for  it  must  not  be 
supposed  that  a  hand  camera  is  unsuitable  for 
artistic  work — it  is  the  only  means  of  obtaining 
natural  groups,  and  even  for  landscapes,  it  can 
be  used  so  rapidly  that  the  glories  of  many  a 
gleam  of  sunlit  country  can  be  caught,  that 
would  have  passed  before  a  stand  camera 
could  have  been  erected.  The  modern  hand 
camera,  with  its  perfect  lens,  shutter  and  plate, 
is  as  good  as  its  more  complicated  rival,  the 
stand  camera,  but,  it  is  its  ease  of  use,  that 
tends  to  beget  carelessness.  If  a  thing  can 
be  done  easily  it  will  often  not  be  done  well. 


Most  suit- 
able focus  to 
choose  for 
the  same 
plates. 


Plate  size. 

3i  X  2^  inches 


Focus. 
4^  inches. 


4ix3i 
5  x4 
6ix4i 
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There  is,  therefore,  little  difficulty  in  choos- 
ing a  suitable  lens  if  price  is  not  of  first  Aperture  for 
importance.  A  rapidity  of  not  less  than  f/6;3  rapid  work, 
is  all  that  is  required  ;  indeed,  a  more  rapid 
lens  than  one  working  at  about  f/6  should  not 
be  chosen  for  hand-camerawork,  for  optical  as 
well  as  other  reasons.  The  above  remarks 
indicate  the  best  focus. 

If  price  is  of  importance  the  choice  requires 
further  consideration,  because  some  of  the 
properties  of  the  better  lens  must  be  sacrificed. 
In  order  to  render  the  problem  more  simple, 
it  is  useful  to  divide  hand  cameras  into  two 
classes. 

(1)  Those  in  which  unusually  quick  expo- 

^    u  1  1  ^1  1     1  cation  of 

sures  are  to  be  made,  such  as  the  tocal  plane  hand-camera 

cameras   giving   exposures   from    1-1 00th    to  work. 

1-lOOOth  of  a  second. 

(2)  Those  in  which  exposures  quicker  than 
1-1 00th  of  a  second  cannot  be  given. 

The  first  class  of  hand  cameras  is  intended 
primarily  for  photographing  objects  in  very 
rapid  motion,  such  as  galloping  horses,  athletes, 
trains,  sea  gulls,  etc.,  and  for  these  cameras  a 
rapid  lens  is  of  the  utmost  importance.  If  an 
Orthostigmat  (anastigmat)  is  too  expensive  the  High-speed 
choice  should  fall  on  a  Biplanat,  with  its  aper-  work. 
tureoff/5-8;  this  lens willgiveassharpdefinition 
near  the  centre  of  the  field  as  could  be  desired, 
but  towards  the  corners  will  show  a  slight 
falling  off  unless  a  somewhat  smaller  aperture 
be  employed.  This  is  not  as  serious  a  fault  as 
at  first  sight  might  appear,  because  in  this 
class  of  work  the  object  of  interest  being 
photographed  is  usually  situated  near  the 
centre  of  the  plate  and  the  quality  of  the 
definition  in  the  corners  is  of  little  importance, 
less  so  than  would  be  the  case  in  a  landscape 
or  street  scene.  When  the  camera  is  to  be 
used  with   moderate  exposures,  the  Biplanat 
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Moderate 
speed  work. 


Types  of 

lenses 

suitable. 


can  be  stopped  down  to  such  a  point  that  full 
use  can  be  made  of  its  covering  power;  it 
therefore  makes  a  good  substitute  for  the 
Orthostigmat  (anastigmat)  at  a  much  lower 
price.  For  this  first  type  of  camera  a  slower 
lens  cannot  be  recommended,  and  the  greatest 
care  is  necessary  in  choosing  it  to  see  that  the 
central  definition  is  beyond  reproach  ;  the 
focus  chosen,  if  it  be  a  lens  other  than  the 
Orthostigmat,  should  preferably  be  a  little 
longer,  say  5f  inches,  for  a  quarter-plate,  as 
this  will  aid  the  covering  power  to  a  consider- 
able degree. 

The  second  type  of  hand  camera  is  by  far 
the  commonest,  it  gives  exposures  from  1-1 0th 
to  1-1 00th  of  a  second.  For  ordinary  snap- 
shots of  street  scenes,  landscapes  or  figure 
subjects,  l-20th  second  or  thereabouts  is  by 
far  the  most  useful  all-round  exposure,  and  it 
is  sufficiently  quick  for  moving  objects  if  they 
are  not  near  to  the  camera.  A  l-40th  or  l-80th 
second  may  be  required  if  they  are  moving  at 
right  angles  across  the  field,  and  not  towards 
or  away  fromi  the  operator.  When  in  doubt 
give  l-20th  second  ;  if  this  speed  is  adhered  to 
and  the  light  is  good,  it  will  allow  of  the  lens 
being  stopped  down  to  f/11  or  f/22  ;  and  with 
large  apertures,  enables  a  printable  negative 
to  be  obtained  on  the  dullest  days. 

The  most  rapid  lens  is  also  desirable  for  this 
class  of  camera,  and  the  Orthostigmat  or 
Biplanat  are  for  this  reason  better  than  the 
less  rapid  types.  The  rapid  rectilinear  type 
(double  aplanat,  symmetrical,  etc.)  is  very 
good,  as  it  is  sufficiently  rapid  for  most  sub- 
jects, and  is  moderate  in  price.  Care  should 
be  taken,  however,  before  procuring  one,  or  a 
camera  fitted  with  one,  to  see  that  it  is  by  a 
good  maker.  This  type  of  lens  is  best  used 
with  an  aperture  of  f/11,  only  opened  up  to  its 
usual  full  aperture  f/8  for  portraits  and  figure 
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studies,.  It  is  rarely  necessary  to  have  recourse 
to  this  aperture,  and  when  the  Hght  is  sufficient 
for  an  exposure  of  l-40th  of  a  second  it  is 
better  to  stop  down  to  f/16  and  give  l-20th, 
unless  the  objects  being  photographed  are  in 
very  rapid  motion. 

The  best  focus  to  choose,  if  a  rectilinear  type 
of  lens  is  to  be  employed,  is  open  to  a  differ- 
ence of  opinion— if  it  is  to  be  used  frequently 
at  f/8  the  very  best  lens  of  the  type  should  be 
unhesitatingly  purchased,  and  the  focus  should 
not  be  less  than  6  inches  for  a  J-plate  in  order 
that  the  picture  may  be  sharply  defined  up  to 
the  corners  of  the  plate.  If  the  worker  is 
content  with  f/11  as  his  general  full  aperture, 
a  5|-inch  lens  will  do  all  that  he  requires,  and 
has  considerably  more  depth  of  focus,  while  so 
much  care  need  not  be  taken  in  judging 
distances.  Some  even  prefer  a  5-inch,  but  if 
it  be  of  a  cheap  make,  the  focus  should  not  be 
less  than  6  inches. 

The  single  achromatic  view  lens  is  cheap, 
and  may  form  an  excellent  hand-camera  lens 
of  small  aperture,  either  f/11  or  f/16.  It  should 
be  carefully  chosen  for  the  camera  with  which 
it  is  to  be  used,  and  which  should  be  of  the 
box  model  type  without  rising  front.  This 
type  of  lens  gives  distortion,  the  degree  depend- 
ing largely  on  the  care  with  which  it  is  designed 
for  the  particular  camera  to  which  it  is  fitted. 

The  double  meniscus  is  a  lens  that  is  in 
some  respects  superior  to  the  single  lens  for 
hand-camera  work,  as  it  has  no  distortion  and 
a  very  flat  field;  but  it  is  slow,  its  full  aperture 
being  between  f/11  and  f/16.  Its  chief  draw- 
back is  that  it  possesses  a  chemical  focus,  so 
that  its  use  is  restricted  to  box  cameras  or 
focussing  cameras  without  ground  glass. 

From  the  above  the  following  conclusions 
are  arrived  at,  viz.,  that  the  best  lens  for  the 


Focus  of 
R.R.  Lens 
to  choose. 


The  double 
meniscus  for 
hand 
cameras. 
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Lenses  for 
high-speed 
work. 


Lenses  for 
moderate 
speed  work. 


The  hand 
camera. 


Holding  the 
camera. 


first  class  of  hand  cameras — that  giving  extra 
rapid  exposures,  is 

(1)  The  Orthostigmat,  4|-inch  focus,  f/6-3/'' 

(2)  The  Biplanat,  5|-inch  focus,  f/5-8." 

(3)  The  Double  Aplanat,  5^-inch  focus,  f/l'l/'' 

For  the  second  class  of  hand  cameras  there 
is  a  larger  selection  of  suitable  lenses. 


(1)  The  Orthostigmat,  4|-inch  focus,  f/6-3.- 

(2)  The  Biplanat,  5^-inch  focus,  f/5-8." 

(3)  The   Double  Aplanat,  5-|-inch  or  6-inc'i 

focus,  f/7-7  or  f/8.- 

(4)  The  Double  Meniscus,  5^-inch  or  6-inch 

focus,  f/11  or  f/1 6." 

(5)  The  Single  View  Lens,  5|-inch  or  6-inch 

focus,  f/1 1 

There  are  som.e  questions  connected  with 
the  use  and  construction  of  hand  cameras 
which,  although  not  belonging  strictly  to  the 
domain  of  lenses,  so  largely  influences  their 
proper  use  that  it  will  not  be  out  of  place  to 
briefly  refer  to  them. 

The  length  of  exposure  which  it  is  desirable 
to  give  under  a  certain  set  of  conditions  has 
to  be  modified  according  to  the  nature  of  the 
lens.  If  a  camera  is  held  in  the  hand  during 
exposure  it  will  not  be  perfectly  stationary, 
the  breathing,  the  beating  of  the  heart  and  the 
constant  balancing  of  the  muscles  which  con- 
trol the  movements  of  the  body  preclude 
absolute  rigidity,  and  consequently  the  expo- 
sure must  be  short  enough  to  ensure  that  the 
camera  has  not  percepiibly  moved  during  that 
time.     A  box  form  camera,  steadied  on  one 


*  Tliese  figures  are  for  the  standard  English  quarter-plate  size;  they 
can  in  both  tables  be  slightly  lengthened  for  pictorial  or  pcrtrait  work. 
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hip,  can  be  held  with  less  movement  than  a 
folding  one  held  in  the  hands,  and  experience 
has  shown  that  many  can  hold  a  camera  of  the 
former  type  steady  for  a  quarter  of  a  second 
or  even  longer ;  but  unless  special  care  is 
taken  an  exposure  longer  than  1-1 5th  or  l-20th 
of  a  second  will  not  be  safe. 

A  heavy  set  off  requiring  great  pressure  to 
use  is  a  serious  drawback,  as  the  effort  of 
making  the  exposure  is  liable  to  shake  the 
camera  at  the  moment  of  release.  If  the 
camera  be  used  over  the  running  engines  of 
a  steamer,  or  on  a  small  sailing  vessel  where 
there  is  sure  to  be  considerable  movement, 
l-40th  second  is  the  longest  exposure  that  can 
be  safely  given. 

The  knowledge  of  what  exposures  are  neces- 
sary to  obtain  sharp  pictures  of  rapidly  moving  Duration  of 
objects  is  one  acquired  by  practice.  Theo-  ^^P®^^**^- 
retically  speaking,  it  is  a  matter  of  impossibility 
to  obtain  an  absolutely  sharp  image  of  any 
object  in  motion,  inasmuch  as  the  duration  of 
the  exposure  would  require  to  be  infinitely 
small.  In  practice,  however,  it  will  be  found 
that  the  image  of  any  point  upon  the  negative 
will  appear  sharp,  provided  it  be  not  displaced 
during  the  act  of  exposure  to  a  greater  distance 
than  1-1 00th  of  an  inch;  even  l-50th  of  an 
inch  displacement  will  give  a  fairly  good 
picture.  To  guide  the  reader  in  this  respect  the 
following  rough  table  has  been  prepared  of  the 
exposures  required  to  take  objects  moving  at 
right  angles  to  the  camera.  When  the  object  is 
not  moving  at  right  angles  to  the  camera,  but 
towards  it  or  away  from  it,  the  exposures  may 
be  increased.  If  the  objects  are  moving  across 
the  line  of  sight  at  45  feet  they  may  be  doubled, 
if  at  30  feet  they  may  be  quadrupled,  and  if 
coming  straight  towards  or  avvay  from  the 
camera,  the  exposures  given  above  may  be 
multiplied  by  8. 
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Table  of 
speeds 
required  for 
moving 
objects. 


Depth  of 
focus. 


At  12 

At  30 

At  60 

At  100 

yards. 

yards. 

yards. 

yards. 

1-1000 

1-400 

1-200 

1-100 

1-600 

1-300 

1-150 

1-75 

1-300 

1-120 

1-60 

1-30 

1-400 

1-160 

1-80 

1-40 

1-200 

1-80 

1-40 

1-20 

1-300 

1-100 

1-40 

1-20 

1-80 

1-40 

1-20 

1-10 

1-40 

1-20 

1-10 

1-5 

1-200 

1-80 

1-40 

1-20 

1-150 

1-80 

1-40 

1-20 

1-80 

1-40 

1-20 

1-20 

1-40 

1-20 

1-10 

1-5 

1-10 

1-5 

1-40 

1-20 

6 

1-40 

Table  of  Speeds  Required  for  Variou 
Subjects  at  Various  Distances. 


Express  trains  at  60  miles 

per  hour 
Express  trains  at  40  do. 
Freight  trains  at  20  do. 
Horse  galloping  - 

,,  (fetlocks  blurred) 

trotting 

and  carriage  at  ordi- 

speed 
walking 
Man  jumping  hurdles,  etc. 
running  races,  etc. 
slowly  - 

,,  walking 
Grazing  cattle 
Sailing  vessels 
Steamers     .       .       .  . 


The  motions  of  the  human  face  are  seldom 
so  rapid,  but  when  the  head  itself  is  steady 
a  sharp  picture  will  be  obtained  with  l-5th  or 
1  -1 0th  of  a  second. 

If  the  table  given  is  used  in  conjunction  with 
an  actinometer  or  with  a  correct  knowledge  of 
the  value  of  light,  it  is  an  easy  matter  to  decide 
which  is  the  smallest  stop  that  can  be  used  to 
give  a  fully  exposed  negative.  In  fixed  focus 
hand  cameras  the  range  of  objects  which  will 
be  sharp  at  one  time,  is  dependent  solely  on 
the  focus  of  the  lens  and  the  aperture  at  which 
it  is  to  be  used  ;  the  smaller  the  aperture  the 
greater  being  the  depth  of  focus.  In  small 
cameras  with  a  lens  of  say  4-inch  focus  and 
an  aperture  of  f/11,  the  range  will  be  from 
12  feet  to  the  horizon,  but  with  lenses  of  5  to 
6-inch  focus  the  range  will  be  from  25  feet  to 
the  horizon,  so  that  for  photographing  any- 
thing nearer  than  these  distances  some  method 
of  focussing  is  necessary.  The  Frena  magnifier 
system  is  the  only  one  applicable  to  fixed  focus 
box-form  cameras ;  it  consists  of  placing  supple- 
mentary lenses  in  front  of  the  photographic 
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lens,  and  is  fully  described  in  the  next  section 
(VI 1.).     The    method    used    with  focussing 
cameras  is  by   the  addition   of   a   scale  of 
distances.    A  pointer  on  the  lens  is  set  to  a 
figure  representing  the  plane  of  best  definition, 
and  a  certain  distance  on  each  side  of  this  ■ 
plane  will  be  sharp,  how  much  this  will  be  is 
left  to  the  photographer  to  guess.    This  has 
been  recently  improved  upon  by  a  method 
patented  by  Messrs.  R.  &  J.  Beck,  Limited,  Corncx 
•  and  called  the    Cornex  Index."     The  amount  index, 
of  depth  on  each  side  of  the  sharpest  focus  is 
shown  for  each  aperture  on  the  Index,  so  that 
this  system  is  as  convenient  as  the  Frena 
magnifiers  (also  plate  XLIII.). 


Focussing  scales  necessitate  the  accurate 
judging  of  distances  in  order  that  the  results 
may  be  sharp,  and  practice  is  required  to  Focussing 
render  the  photographer  expert.  They  must 
be  adjusted  to  each  individual  camera  with 
accuracy,  and  the  careful  photographer  will 
leave  nothing  to  chance  but  will  test  his  scale 
on  the  purchase  of  a  focussing  camera.  If  the 
scale  is  accurate  it  is  a  more  reliable  method 
of  focussing,  provided  the  distance  of  the 
object  being  photographed  is  known,  than  by 
the  use  of  the  ground  glass.  Mistakes  in  focus- 
sing on  the  ground  glass  are  easily  made, 
unless  the  operator  has  plenty  of  time  in  which 
to  carry  out  this  process. 
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It  is  useful  for  the  snap-shotter  to  have  a 
well-defined  idea  of  the  distance  that  a  camera 
should  be  away  from  a  figure  in  order  to  pro- 
duce a  picture  of  a  given  size.  At  what 
distance  away,  for  instance,  should  a  man  be 
in  order  to  obtain  a  picture  1  inch,  2  inches  or 
3  inches  high  ?  A  simple  rule  will  give  the 
distance.  Multiply  the  height  of  the  man  in 
inches  by  the  focus  of  the  lens,  this  will  give 
in  inches  the  distance  away  that  the  figure 
must  be  placed  to  render  the  picture  an  inch 
oTa'""*  '^^^^^'^  tf^e  photograph.  For  example,  suppose 
figure  on  the  a  man  is  70  inches  high  and  he  is  being  photo- 
plate,  graphed  with  a  lens  of  6  inches  focus, 
6  x  70  =  420  =  35  feet,  this  is  the  distance  from 
the  camera  at  which  he  must  be  in.  order  to 
appear  1  inch  high  in  the  photograph.  At  half 
this  distance  (17^  feet)  his  picture  will  be  2 
inches,  at  one-third  (1 1  feet  8  inches)  it  will 
be  3  inches. 


Rjle  to  find 

size 


Instantan-  INSTANTANEOUS  PHOTOGRAPHY, 

eous  photo- 
graphy. Much  that  has  already  been  said  of  hand- 
camera  work  applies  with  equal  weight  to 
instantaneous  photography  as  such  ;  the  ques- 
tion as  to  whether  a  stand  is  used  with  small 
hand  cameras  is  chiefly  a  matter  of  conveni- 
ence, but  instantaneous  work  is  not  limited  to 
small  cameras,  and  in  the  latter  case  a  stand 
should  always  be  used.  The  picture  may  be 
focussed  on  the  ground  glass,  where  a  stand  is 
in  use,  and  the  choice  of  the  lens  need  not, 
therefore,  be  confined  to  such  close  limits, 
because  depth  of  focus  is  not  of  so  much 
importance  when  this  is  the  case ;  indeed, 
almost  any  length  of  focus  can  be  employed,  as 
the  plane  of  the  principal  object  can  be  selected. 
Instantaneous  pictures  can  be  taken  with  even  a 
low-power  telephoto  attachment  in  favourable 
weather.   The  focus  may,  therefore,  be  chosen 
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with  a  view  to  the  pictorial  result  or  the  most 
suitable  angle  of  view. 

Beyond  the  size  of  the  standard  half-plate, 
instantaneous  work  becomes  more  and  more 
difficult,  partly  because  the  larger  lenses  in  use 
require  larger  shutters,  which  are  difficult  to 
make  to  move  rapidly  without  introducing 
vibration  ;  and  partly  because  long  focus  lenses 
of  any  type,  with  the  exception,  possibly,  of  the 
Orthostigmats  (anastigmats),  have  to  be  stopped 
down  to  give  as  sharp  results.  It  is  a 
question  whether  it  is  not  better  to  rely  on 
enlargements  for  instantaneous  pictures  larger 
than  whole-plate  size. 


1         2         3         4         5  6 


Diagram  of 
most  suitable 
lens. 


1.  Rapidity.  4.    Angle  of  view. 

2.  Depth  of  definition.  5.     Equality  of  illumination. 

3.  Quality  of  definition.  6.  Absorption. 

The  height  of  the  intermediate  line  marks  the  degree  to  which  the 
qualities  are  required;  the  less  "black"  that  appears,  the  less  of  that 
particular  quality  is  essential. 


Enlarging  and  Copying. 

Having  reached  this  heading,  photography  Enlarging 
proper  is  left  behind;  the  negative  is  finished  and  copying 
for  better  or  for  worse,  and  a  copy  or  enlarge- 
ment is  the  subject  with  which  this  chapter  is 
concerned.     It  is  now  purely  a  question  of 
technical  knowledge  and  mechanical  skill,  not 


*  Figui-e  123  is  a  diagram  to  show  the  various  properties  and  their 
relative  importance  for  hand-camera  and  instantaneous  work,  the  nearer 
the  line  approaches  the  apex  of  the  cone  the  greater  the  extent  to  which 
that  particular  property  shculd  be  present  in  tlic  lens. 


208 


of  artistic  perception.  The  same  applies  to 
copying  works  of  art  or  curios,  and  it  is 
technical  considerations  that  will  govern  the 
choice  of  the  lens. 

In  enlarging — the  reverse  of  the  process 
employed  in  producing  the  original  photograph 
Explanation  takes  place.  The  picture  of  the  landscape  in 
of  enlarging,  the  shape  of  the  negative  is  projected  back 
through  the  lens,  as  it  were,  on  to  the  land- 
scape. If  a  negative  be  placed  in  the  position 
in  which  it  was  taken  in  the  camera,  and  a 
sufficiently  powerful  illuminant  be  placed 
behind  it,  it  would  be  possible,  on  a  dark  night, 
to  project  the  picture  back  on  to  the  landscape 
point  for  point,  twig  for  twig.  Of  course  a  full- 
sized  picture  is  not  required,  for  who  has  a 
room  sufficiently  large  to  hold  a  full-sized 
picture  of  St.  Paul's  ? 

A  picture  of  any  size  may  be  obtained  accord- 
ing to  the  distance  away  that  the  screen  upon 
which  it  is  thrown  is  placed.  An  enlarging 
camera  is  a  form  of  lantern,  and  is  often  used 
in  a  darkened  room  in  a  similar  manner  to  a 
magic  lantern,  a  piece  of  sensitized  paper 
taking  the  place  of  the  ordinary  sheet. 

It  has  already  been  explained  in  an  earlier 
section  of  this  book  that  the  nearer  an  object 
is  to  the  lens,  the  longer  the  distance  of  the 
lens  from  the  ground  glass.  If  the  sensitive 
surface  be  considered  as  the  object,  it  will  be 
evident  that  the  negative  to  be  enlarged  will 
be  further  from  the  lens  as  the  paper  is  brought 
nearer  to  it.  Therefore,  to  obtain  enlarge- 
ments of  given  sizes  there  will  be  certain 
definite  positions  with  a  given  lens,  both  for 
paper  and  negative.  The  distances  of  the 
positions  of  these  points  are  the  conjugate 
foci  of  the  lens.  The  relation  between  the 
conjugate  foci  governs  the  size  of  the  image. 
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If  the  conjugate  foci  are  the  same,  then  the 
original  and  secondary  images  are  the  same 
size  ;  if  the  primary  focus  be  a  quarter  that  of 
the  secondary  the  final  image  is  four  times 
the  original  size  of  the  negative,  if  the  relation 
is  1  to  6,  then  it  is  six  times  and  so  on.  The 
reverse  is  the  case  in  reducing. 

In  enlarging,  the  primary  focus  is  considered 
as  the  distance  from  the  negative  to  the  lens  Explanation 
(the  shorter  distance),  while  in  copying  it  is  of  copying, 
the  distance  from  the  sensitive  surface  to  the 
lens.    In  figure  124  A  is  the  arrangement  for 
enlarging,  while   B  is  that  for  copying;  the 
direction  of  the  light  is  indicated  in  both  cases 
by  the  arrow  heads  on  the  lines.     X  is  the 
primary  conjugate  focus  and  Y  is  the  secondary ; 
it  is  the  relation  between  X  and  Y  that  gives  Primary  and 
the  degree  of  magnification  or  reduction,    (a)  j^^^^^^^^ 
is  the  negative  or  object  and  (b)  the  sensitive 
surface  that  is  to  receive  the  final  image. 


To  find  the  distances  X  and  Y  for  lenses  of 
varying  focus,  the  following  table  has  been 
prepared,  which  will  give  (1)  the  distance  of 
the  lens  from  the  negative  or  object,  and  (2) 
the  distance  of  the  lens  from  the  sensitive 
surface.  The  sum  of  the  two  will  give  the 
total  distance  over  all,  and  will  help  the  photo- 
grapher to  ascertain  whether  his  enlarging 
bench  is  capable  of  producing  a  given  size  of 
picture. 
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Table  of  Conjugate  Foci  for 
Enlarging  and  Reducing. 


Tabic  of 

conjugate 

foci. 


Focus  of 
Lens. 

Number  of  times  of  Enlargement  or  Reduct 

on. 
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The  method  of  finding  the  equivalent  planes  is  given  in  Appendix  II.  (page 
273),  and  the  measurements  above  arc  from  the  front  and  back  planes  respec- 
tively. In  most  c-ises  wliere  a  doublet  is  used  these  measurements  can  be 
made  froi^T  tlie  diaphragm  v/itliout  a  serious  error  being  introduced,  in  the 
case  of  a  single  lens  from  the  back  surface.  In  any  non-symmetrical  form 
it  should  be  from  the  equivalent,  planes,  which  must  be  first  found. 


*  X  and  y  are  the  2  conjugate  foci  as  explained  in  (figure  114). 
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Primary  Considerations* 

(1)  Flatness  of  field. 

(2)  Distortion. 

(1)  Flatness  of  field  :  —  1  n  enlarging  or  copy- 
ing, one  flat  picture  has  to  be  reproduced  on 
another  flat  plane — a  lens  with  a  flat  field 
is  therefore  required.  Most  lenses  can  be 
improved,  if  they  have  not  a  flat  field,  by 
stopping  down,  but  there  are  disadvantages  in 
a  long  exposure  besides  the  waste  of  time 
entailed  ;  and  there  is  always  a  tendency  to  a 
certain  chemical  spreading  of  the  image  and 
consequent  loss  of  vigour  in  the  result.  There 
is  also  a  risk  of  something  moving  during  the 
exposure  and,  therefore,  a  lens  with  a  flat  field 
that  can  be  used  at  a  large  aperture  is  an 
advantage.  The  Orthostigmat  (anastigmat) 
heads  the  list  in  respect  of  this  quality,  and  is 
to  be  chosen  by  preference  for  the  work.  A 
good  rectilinear,  if  not  too  short  in  focus,  will 
do  excellent  work.  The  focus  best  suited  for 
enlarging  a  given  sized  negative  is  of  minor 
importance,  provided  the  lens  will  give  perfect 
definition  over  the  whole  field.  A  short  focus 
lens  is  not  advisable,  because  whatever  the 
construction  it  will  not  pass  as  much  light  to 
the  edges  of  the  field  as  to  the  centre.  A  long 
focus  can  only  be  inconvenient  on  the  score  of 
the  length  of  apparatus  that  will  be  necessary. 

(2)  Distortion: — This  is  a  defect  that 
should  not  be  present  in  a  lens  used  for 
enlarging  or  for  copying.  A  distorted  picture 
may  be  enlarged  with  a  distorting  lens,  pre- 
ferably with  the  one  with  which  it  was  taken, 
and  a  corrected  copy  of  the  view  can  be  pro- 
cured ;  but  this  is  an  unusual  case,  and  does 
not  affect  the  question.  If  a  picture  is  distorted 
because  it  was  taken  with  the  camera  tilted, 
and  the  swing  back  was  not  employed  to  correct 


Primary 
consider- 
ations. 


Flatness  of 
field. 


Distortion. 
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the  inclination  of  the  vertical  lines,  a  cor- 
rected copy  or  enlargement  can  be  made  by 
placing  the  sensitized  enlarging  paper  out  of 
the  perpendicular  to  the  required  extent,  to 
render  the  vertical  lines  parallel. 


Secondary 
ations. 


Rapidity. 


Equality  of 
illumination. 


Inequality  of 
illumination. 


Secondary  Considerations. 

(1)  Rapidity. 

(2)  Equality  of  illumination. 

(1)  Rapidity  has  been  sufficiently  referred 
to ;  suffice  it  to  say  that  rapidity  is  an  advan- 
tage, but  not  an  essential. 

(2)  Equality  of  illumination  : — It  is  evident 
that  to  produce  a  good  enlargement  the  expo- 
sure must  be  equal  over  the  whole  of  the 
sensitive  surface,  as  it  would  not  do  to  allow 
more  light  to  pass  to  the  centre  of  the  paper 
than  to  the  corners,  or  they  would  appear 
lighter  than  the  rest  of  the  picture.  It  will 
occasionally  happen  when  a  photograph  has 
been  taken  with  a  lens  working  at  a  very  large 
aperture  and  a  very  short  exposure,  that, 
although  detail  appears  all  over  the  plate,  the 
centre  will  print  lighter  than  the  edges  owing 
to  a  slight  inequality  of  illumination.  Use  can 
then  be  made  of  a  lens  giving  somewhat 
unequal  illumination,  but  it  is  only  in  the  hands 
of  a  skilled  operator  that  it  is  safe  to  employ 
such  a  device.  It  is  probably  simpler  to  place 
a  screen  between  the  lens  and  the  enlargement 
during  a  portion  of  the  exposure ;  this  screen 
should  be  in  the  form  of  a  circular  aperture, 
and  care  should  be  taken  that  it  acts  like  a 
vignette  and  throws  no  definite  shadows. 

It  should  always  be  remembered  when  con- 
sidering whether  a  lens  be  suitable  for  enlarging 
or  copying,  that  it  will  certainly  be  used  at  a 
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longer  focus  than  for  ordinary  field  work.  A 
glance  at  the  table  on  page  210  will  show  that 
a  J-plate  lens  of  say  5^  inch  focus,  if  used  to 
enlarge  to  12x10,  will  be  used  7  inches  away 
from  the  negative.  This  means  that  it  will 
cover  better  and  give  more  even  illumination 
over  the  range  of  the  J-plate  than  when  it  was 
used  in  the  field.  A  lack  of  covering  power 
noticeable  in  the  latter  ease  would  not  be 
apparent  when  the  same  lens  is  used  on  the 
enlarging  camera. 

To  indicate  what  properties  are  of  import- 
ance for  this  work,  figure  125  has  been 
prepared,  and  a  comparison  with  those  dia- 
grams appearing  in  Section  IV.  will  show  that 
the  Universal  Orthostigmat  (anastigmat)  is 
the  best  for  this  work. 


12         3         4         5  6 


Diagram  of 
most  suitable 
lens. 


1.  Rapidity.  4.    Angle  of  view. 

2.  Depth  of  definiticn.  5.    Equality  of  illumination. 

3.  Quality  of  definiticn.  6.  Absorption. 

The  height  of  the  intermediate  line  marks  the  degree  to  which  the 
qualities  are  required;  the  less  "black"  that  appears,  the  less  of  that 
particular  quality  is  essential. 

After  the  Orthostigmat  the  choice  should 
fall  on  the  Biplanat,  or  on  a  lens  of  the  recti- 
linear type.  There  is  one  point  that  should 
be  borne  in  mind  in  choosing  a  lens,  on  no 
account  employ  one  whose  focus  is  altered 
by  the  introduction  of  a  small  stop.  Focussing 
will  always  be  carried  out  at  an  open  aperture, 
and  this  must  not  be  altered  by  the  process 
of  stopping  down,  as  any  change  in  the  focus 
from  this  cause  would  spoil  the  definition  of 
the  result. 
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Micro- 
photography. 


Photo- 
mechanical 
work. 


Micro- Photography. 

It  seems  hardly  possible  to  leave  the  subject 
of  enlarging  without  a  reference  to  micro- 
photography,  though  the  subject  in  its  complete 
aspect  is  beyond  the  scope  of  this  work. 
Enlarging  itself  is  a  form  of  low-power  micro- 
photography  where  a  sm.all  magnification  only 
is  required,  and  where  the  photographic  lens 
takes  the  place  of  the  microscope  objective. 
In  rather  higher  power  work  the  Orthostigmat 
or  a  similar  lens  of  a  focus  of  from  1  inch  to 
3  inches  is  used  ;  this  is  found  to  be  the  more 
suitable  for  powers  from  20  to  40  diameters 
than  a  microscope  objective.  Much  of  the 
best  micro-photographic  low-power  work  is 
done  in  an  ordinary  camera  with  these  lenses. 
They  have,  over  a  large  angle,  a  flatter  field 
than  the  microscope  object  glass  and  quite  as 
perfect  correction,  their  only  disadvantage 
being  their  comparatively  small  numerical 
aperture.  Many  large  microscopes  are  nov/ 
made  to  carry  these  lenses,  and  are  provided 
with  unusually  large  bodies,  to  allow  of  their 
full  angle  of  view  being  used. 

Plate  XXXI."  represents  a  photograph  taken 
with  a  1-inch  Orthostigmat  of  the  stem  of  a 
plant,  Juncus  lamprocarpus,"  the  magnifica- 
tion being  20  diameters,  and  all  the  cell  walls 
are  sharply  defined. 

Photo-Mechanical  Work. 

A  foreigner  is  said  to  have  remarked,  Oh, 
the  English  are  a  great  nation,  they  have 
accomplished  so  much  with  the  flint  instru- 
ments of  their  forefathers." 

It  is  to  be  feared  that  the  conservative  ten- 
dencies of  which  English  commerce  stands 
accused  have  some  basis  in  actual  fact,  and 
that  in  the  photo-mechanical  trades,  for  the 
sake  of  saving  a  few  pounds,  old  model  or 

The  half-tone  process  of  necessity  destroys  the  quality  of  definition^ 
so  obvious  in  the  original. 
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inferior  lenses  are  often  employed.  The  cost 
of  a  perfect  lens  is  of  no  moment  if  it  will  save 
time  or  electric  current,  or  if  it  will  produce 
even  a  slight  increase  in  the  quality  of  the 
work.  A  lens  will  last  a  lifetime,  and  if  by  the 
expenditure  of  £30  an  advantage  is  gained,  the 
money  should  no  more  be  grudged  than  in 
the  ease  of  an  expensive  surgical  operation. 
All  lenses  used  for  process  work  are  large,  and 
the  imperfections  which  may  pass  unnoticed 
in  a  short  focus  lens  will  ruin  the  work  turned 
out  by  a  larger  one. 

The  essentials  are   perfect  freedom  from 
central  and  oblique  aberrations,  and  the  only 
typQ  which  is  thoroughly  satisfactory  is  the  ^j^ich^pro- 
Orthostigmat  or  the  Anastigrnat ;  lenses  of  the  cess  lenses 
rectilinear  type  may  be  used  with  very  minute  are  put. 
stops,  but  cannot  be  recommended.    For  line 
work  the  definition  must  be  such  that  the 
angles  of  two  crossing  lines  show  no  spreading 
or  filling  at  their  intersection.    Half-tone  work 
does  not  make  quite  such  stringent  demands, 
but  in  order  to  make  use  of  the  differently 
shaped  stops  required,  they  must  have  a  large 
aperture  for  at  least  a  portion  of  the  exposure  ; 
lenses   for   this   work  must  also  have  very 
perfect  corrections. 

Process  lenses  require  to  be  specially  j^^^ 
corrected,  because  they  are  always  used  for  process^  ^ 
copying  at  close  quarters;  a  lens  that  is  cor- 
rected for  distant  objects  will  not  be  so  well 
suited  for  objects  placed  at  a  distance  of  twice 
or  three  times  the  focus,  moreover,  as  the  wet 
plate  process  depends  specially  on  the  violet 
and  ultra-violet  rays,  these  lenses  should 
be  specially  corrected  for  this  end  of  the 
spectrum. 

For  three-colour  work,  lenses  must  be 
specially  corrected  for  achromatism,  as  if  they 
have  only  the  ordinary  type  of  photographic 
correction,  there  may  be  a  difference  of  an 
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inch  between  the  foci  of  the  different  colours 
in  a  long  focus  lens  (25  inches). 

Nothing  has  probably  been  more  injurious 
to  the  quality  of  commercial  photo-reproduc- 
tions than  the  employment  of  bad  quality 
mirrors  and  prisms  used  for  reversing  the 
image.  There  are  many  good  lenses  in  use 
with  mirrors  and  prisms  which  are  so  inferior 
that  the  whole  advantage  of  the  quality 
of  the  lens  is  lost.  To  produce  a  large  flat 
Prisms  and  Surface  optically  perfect  is  one  of  the  most 
mirrors.  difficult  duties  of  the  glass  worker;  no  error 
should  be  allowed,  that  exceeds  1-1 00,000th  of 
an  inch — flat  surfaces  can  now  be  produced 
which  are  within  1-1, 000, 000th  inch.  Some  of 
the  cheap  so-called  "  optically  worked"  prisms 
and  mirrors  are  scarcely  equal  to  plate  glass, 
and  entirely  ruin  fine  definition.  The  best 
rough  test  for  the  quality  of  a  mirror  or 
prism  is  to  place  it  in  front  of  a  telescope 
having  an  aperture  of  about  three  inches, 
and  view  through  it,  the  reflected  image  of  a 
star  upon  a  clear  night,  comparing  it  with  the 
image  of  the  same  star  seen  direct. 

The  same  remarks  on  the  inferior  surfaces 
found  in  many  mirrors  and  prisms  apply  in 
equal  force  to  light  filters.  It  is  not  only 
necessary  that  such  filters  should  be  parallel, 
it  is  essential  that  their  surfaces  should  be, 
as  in  the  case  of  prisms,  optically  plane  and  of 
as  high  a  quality.  In  using  long  focus  lenses, 
particularly  for  copying,  it  is  hopeless  to 
expect  the  best  results  unless  the  light  passes 
through  surfaces  that  are  made  with  the 
utmost  degree  of  perfection. 

The  absorption  of  light  by  glass  is  a  question 
of  interest,  as  the  glass  used  in  the  lenses  and 
prisms  for  process  work  has  an  influence  on 
their  rapidity,  but  too  much  attention  need  not 
be  given  to  the  thickness  of  glass  that  the  light 
^')asses  through  in  an  anastigmat,  as  this  is 
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small  compared  with  tFie  amount  it  has  to  pass 
through  ill  the  prism  used  in  conjunction 
with  it. 

Maximum  of  qualities. 
Degree    required  for  Photo- 
)-neGhanical  work.  Distgrsim  of 

the  most 
suitable  lens. 

Figure  126. 


1.  Rapidity.  4.    Angle  of  view. 

2.  Depth  of  definition.  5.     Equality  of  illumination. 

3.  Quality  of  definition.  6.  Absorption. 

The  height  of  the  intermediate  line  marks  the  degree  to  which  the 
qualities  are  required;  the  less  "black"  that  appears,  the  less  of  that 
particular  quality  is  essential. 

Figure  126  illustrates  the  degree  to  which 
the  various  qualities  are  required  for  this 
work. 

All  the  line  blocks  and  half-tones  illustrating 
this  book  have  been  produced  by  the  Beck- 
Steinheil  or  Steinheil  lenses.  The  photo- 
gravures in  the  Edition  de  Luxe  "  were 
produced  by  a  Beck-Steinheil  Orthostigmat, 
No.  9,  Series  111.,  f/10,  combined  with  a  Beck- 
Harris  Filter,  Quality  1. 
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Brief  Summary  of  the  Chief  Points  in 
Section  VI. 

(1)  Long  focus  lenses  are  the  best  for  portraiture,  for  they  give 

good  modelling  and  perspective  ;  brilliant  definition  is 
inartistic. 

(2)  The  focus  of  a  portrait  lens,  should  be  three  times  the  longest 

side  of  the  plate  in  use. 

(3)  A  long  focus  single  lens  is  excellent  for  large  heads. 

(4)  A  rapid  lens  stopped  down  is  not  usually  as  good  as  a  slower 

lens. 

(5)  Various  hints  to  amateurs  are  given. 

(6)  There  are  many  interesting  points  on  IsCndscape  and  general 

work. 

(7)  Details  of  what  makes  a  good  landscape  and  what  does  not 

are  given  with  an  example. 

(8)  The  best  lens  for  landscape  work  is  a  long  focus  one. 

(9)  A  narrow-angle  picture  is  always  more  truthful  than  a  wide- 

angle  one. 

(10)  The  influence  of  various  properties  discussed. 

(11)  Every  hand  camera  lens  should  at  least  have  fine  central 

definition. 

(12)  The  best  lens,  regardless  of  price,  is  the  Orthostigmat  (anas- 

tigmat),  next  the  Biplanat. 

(13)  Great  covering  power  with  a  short  focus  makes  the  Orthostig- 

mat the  best  lens,  as  short  focus  entails  depth  of  definition. 

(14)  A  cheaper  lens  means  some  good  qualities  are  sacrificed. 

(15)  For  extra  rapid  work  a  very  rapid  lens  is  required,  to  allow  for 

exposures  of  1-lOOth  to  1-lOOOth  of  a  second,  usually  with  a 
focal  plane  camera. 

(16)  For  ordinary  hand  camera  work  a  slower  lens  will  do,  to 

allow  for  exposures  from  1-lOth  to  1-lOOth  of  a  second. 

(17)  A  rapid  lens,  even  for  this  work  is  really  best,  as  short 

exposures  may  be  given  in  bad  light. 
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(18)  A  biplanat,  rectilinear,  single  or  periscopic  lens  can  be  used 

with  success  if  the  aperture  is  not  smaller  than  f/11 

(19)  Notes  on  exposures,  focussing,  scales  and  distances  of  objects 

(20)  For  architectural  work  an  exact  transcript  is  required 

(21)  More  than  one  focus  of  lens  is  a  great  advantage  for  this  work 

(22)  All  lenses  for  architectural  work  must  be  free  from  distortion 

(23)  A  large  angle  of  view  is  desirable 

(24)  Rapid  lenses  are  the  best 

(25)  For  enlarging,  a  lens  giving  a  flat  field  and  critical  definition 

should  be  chosen. 

(26)  Equality  of  illumination  is  essential 

(27)  For  photo-mechanical  work,  the  finest  corrections  in  every 

direction  are  requh'ed. 

(2Sj    The  best  lens  is  the  only  one  to  choose  for  this  work. 
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SECTION  Vll. 


■  Lenses  for  Special  Work. 

Beyond  the  usual  practical  applications  of 
photography,  there  exist  a  number  of  more  or 
less  difficult  branches  of  work  which  need 
special  lenses,  that  is,  lenses  v/hich  do  not 
find  their  way  in  the  ordinary  course  into  the 
photographer's  outfit. 

There  are,  however,  some  included  in  this 
section  which  ought  to  be  found  in  a  photo- 
grapher's outfit  if  it  is  to  be  complete,  such  as 
the  telephoto  lens  and,  perhaps,  a  supple- 
mentary lens  or  two  for  altering  the  focus  of 
the  primary  one.  It  is  with  the  idea  of  indi- 
cating in  outline  certain  unusual  characteristics 
that  their  consideration  is  dealt  with  separately. 

They  include — 

(1)  Telephoto  lenses  and  attachments. 

(2)  Supplementary  lenses  (magnifiers). 

(3)  Cinematograph  lenses. 

(4)  Stereoscopic  lenses. 

(5)  Condensers  and  lantern  lenses. 

The  first,  opening  up  as  it  does  such  a  large 
field  of  most  interesting  work  for  the  photo- 
grapher, is  fully  discussed. 
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Telephoto  Lenses. 

An  interesting  forecast  of  the  popularity  of 
this  special  lens  is  to  be  found  in  Trail  Taylor's  Telephoto 

Photographic  Optics."    It  runs—  LlucWnts. 

In  the  early  days  of  photographic  lenses  there  was 
one  brought  out  known  as  the  "  orthoscopic  "  which 
claimed  to  be  free  from  distortion  and  to  possess  other 
salient  features.  These  advantages  proved  to  be  over- 
stated ;  it  did  possess,  however,  certain  characteristics, 

of  which  the  writer  went  on  to  say— 

The  orthoscopic  lens  when  subjected  to  certain 
modifications  of  construction  may  yet,  possibly,  be 
found  to  be  the  lens  of  the  future. 

This  lens  (figure  127)  consists  of  an  achro- 
matic meniscus  (A)  similar  to  the  front  lens 
of  a  Petzval  portrait  combination,  while  behind 
it  and  beyond  the  diaphragm  is  placed  an  achro- 
matic concave  or  negative  lens  (B),  usually  of 
smaller  size  than  the  front.  This  negative 
back  lens  materially  lengthens  the  focus  of  the 
whole.    From  the  foregoing  rough  description 


Figure  127. 


The  ortho- 
scopic lens. 


A  B 

it  will  be  noticed  that  the  same  principle  has 
unconsciously  been  employed  as  that  used  in 
the  telephoto  system  proper,  the  front  lens  (A) 
answering  to  the  ordinary  lens,  the  back  (B) 
corresponding  with  the  negative  element  or 
telephoto  attachment.  With  reference  to  this 
Trail  Taylor,  writing  some  10  years  ago,  goes 
on  to  say — 

A  special  virtue  possessed  by  the  Orthoscopic  lens 
and  no  other,  consists  in  the  ability  of  obtaining  with  it 
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Quotations 
from  Trail 
Taylor. 


Variable 
foci. 


Explanation 
of  the 

construction 
of  the  lens. 


larger  sized  images  in  the  negative  with  a  given  exten- 
sion of  ca-Taera,  than  can  be  obtained  by  any  other  lens 
extant.  The  focus  of  a  lens  is  measured  from  its  focal 
centre,  and  while  this  in  a  single  lens  is  rather  nearer 
the  ground  glass  than  the  lens  itself,  it  is  in  the  ortho- 
scopic  combination,  as  just  stated,  outside  the  lens 
entirely ;  so  that,  with  a  given  length  of  camera,  a 
much  larger  image  of  an  object  can  be  obtained  by  the 
orthoscopic  lens  than  by  any  other.  This  property  is 
of  great  value. 

This  quotation  is  an  almost  prophetic  fore- 
cast of  the  telephoto  lens. 

There  is  much  misapprehension  as  to  the 
principle  of  the  telephoto  lens.  It  is  essentially 
nothing  more  than  a  long  focus  lens  of  peculiar 
construction.  There  is  in  addition  a  further 
advantage,  it  is  not  merely  one  single  long 
focus  lens,  but  a  series,  inasmuch  as  an  adjust- 
ment is  supplied  whereby  the  focus  can  be 
varied  at  will. 

The  principles  upon  which  the  telephoto 
lens  is  constructed  can  be  explained  in  quite 
an  elementary  manner. 

Hitherto  it  has  been  assumed  that  the  back 
equivalent  or  nodal  plane  is  situated  in  the 
centre,  or  not  far  from,  the  lens.  This  is 
nearly  true,  in  the  symmetrical  form  of  lens, 
but  by  no  means  is  it  always  the  case,  for  ^ven 
in  such  a  primitive  form  as  the  uncorrected 
single  lens,  its  position  varies  according  to  the 
shape  or  curves  of  the  surfaces. 


Fi^^ure  128. 


The  position 
of  the  optical 
centre  in 
various 
lenses. 


Figure  1 28  shows  three  lenses — in  A,  a  double 
convex  lens,  the  optical  centre  lies  in  the 
middle  of  the  lens  ;  in  B,  a  piano  convex  lens, 
it  lies  on  the  front  surface  ;  and  in  C,  a 
meniscus  lens,  it  is  completely  outside,  the 
lens  itself. 
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Now  consider  two  lenses  of  identically  the  Effect  of  the 

sanne  equivalent  focus,  one  a  double  convex  position  of 

constructed  like  A  and  the  other  a  meniscus  tl^e  optical 

as  C.    These  lenses  will  produce  pictures  in  ^^^^^^^^^^ 

which  all  the  objects  are  identically  the  same  extension, 
cize,  and  yet,  owing   to   the    position  of  the 
optical  centre  in  the  two  cases,  the  double 
sonvex  lens  A  will  be  further  from  the  plate 
than  the  meniscus  lens  C. 


Figure  129. 

Figure  129  will  make  this  clearer,  and  shows 
that  as  a  consequence  the  camera  extension 
for  a  lens  of  a  construction  similar  to  C  will 
be  less  than  one  constructed  like  A. 

The  variation  in  the  position  of  the  optical 
centre  in  the  case  of  a  single  lens  is  never 
very  marked,  but  the  analogy  is  useful  in  con- 
sidering the  telephoto  lens,  for  this  is  a 
combination  of  lenses  specially  designed  so 
that  its  optical  centre  is  a  great  distance  in 
front  of  the  lens  itself,  as  the  diagram  (figure 
130)  shows. 


FitJurc  130. 


A  is  the  position  of  the  back  equivalent  plane, 
B  represents  the  plane  where  the  picture  is 
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lens. 


The  position  formed,  the  distance  A  B  is  therefore,  as 
of  the  optical  explained,  the  equivalent  focus.  C  is  the  plane 
telephoto  in  which  the  camera  front  lies,  and  C  B  repre- 
sents the  camera  extension  necessary  to  use  a 
telephoto  lens  of  a  focus  equal  to  A  B.  In 
order  to  obtain  the  same  result  with  an  ordi- 
nary lens  a  camera  extension  equal  to  A  B 
would  be  required. 

Thus  with  a  short  camera  extension  a  lens  of  long 
focus  can  be  used. 

A  negative  or  concave  lens,  on  the  other 
hand,  can  by  itself  produce  no  picture  of  any 
object  on  the  ground  glass,  it  is  possessed  of 
a  virtual  focus  only.  This  may  be  explained 
by  figure  131. 


Negative 
lenses. 


Figure  131, 


The  virtual 
focus. 


If  a  piece  of  black  card  with  three  small  holes 
in  it  is  placed  in  front  of  a  negative  or  concave 
lens  and  light  coming  from  any  distant  source 
is  allowed  to  fall  on  it,  three  pencils  of  light, 
which  pass  through  the  holes,  will  be  bent 
outwards  as  BA,  B'A'  and  B"A",  by  the  nega- 
tive lens,  and  will  appear  in  consequence  as  if 
they  had  come  from  a  point  O,  which  is  called 
the  virtual  focus  of  a  negative  or  concave  lens. 

A  virtual  or  imaginary  image  is  produced: 
it  is  not  real,  and  could  not  in  consequence  be 
used  for  photography,  but  by  utilizing  the 
peculiar  properties  of  a  negative  lens,  and 
combining  a  particular  form  with  an  ordinary 
positive  lens  as  used  on  the  camera,  the  tele- 
photo  lens  is  constructed. 

This  lens  possesses  the  curious  property  of 
having  its  optical  centre  a  long  way  in  front  of 
the  front  surface  of  the  lens  itself- (figure  130). 

Every  photographer  possesses  a  positive 
photographic  lens,  and  provided  this  is  of  good 


See  page  240. 


PLATE    XL.-  "  Big  Ben." 


See  page  240. 


PLATE    XLI.-     Big  Ben. 


See  page  250. 


PLATE  XLII. 
Otho." 


See  page  205. 


PLATE    XLIII.— "  Otho." 
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quality  it  can  be  fitted  with  a  negative  lens  The 
known  as  the  ^'Telephoto  Attachment,"  which,  tclephoto 
when  combined  with    the   positive,  forms    a  ^^^^^^"^^^ 
complete    Telephoto  Lens."    The  attachment 
can  be  removed  at  will,  leaving  the  positive  lens 
unaltered  for  ordinary  photographic  purposes. 

A  complete  telephoto  lens,  capable  of  being  The 
used  only  as  such,  can  be  obtained,  but  a  high-  telephoto 
class  telephoto  attachment  applicable  to  a  good 
photographic  lens  is  generally  to  be  preferred. 

One  of  the  chief  advantages  of  the  telephoto 
lens  is  the  property  it  possesses  of  giving  not  Variation 
only  one  focus,  but  many.    Hov/  this  is  arrived  ®^ 
at  may  be  indicated  as  follows  : — 

If  two  lenses  are  taken  of  the  same  kind  of 
glass  as  in  figure  132,  the  one  a  piano  convex 
and  the  other  a  piano  concave,  and  placed  in 
contact  as  illustrated,  it  will  be  obvious  that 
light  coming  from  a  great  distance  will  be  acted 
on  by  them  merely  as  it  would  be  by  a  parallel 
plate  of  glass  and  will  travel  as  AB  and  A'B'. 


X  and  Y  have  no  focus,  that  is  to  say,  their 
combined  focus  may  be  considered  to  be  at 
infinity.  These  two  lenses,  the  one  a  positive 
Y  and  the  other  a  negative  X,  form  a  telephoto 
system  with  the  longest  focus  imaginable. 

If  the  lenses  X  and  Y  are  now  separated  The  cause 
gradually  as  in  figures  133  and  134,  it  will  be  variation. 


Figui^e  134. 


Fipure  133. 


noticed  that  the  focus  gradually  shortens  until 
a  point  arrives  when  the  lens  X  is  m  such  a 

H 
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position  that  the  light  is  brought  by  the  posi- 
tive lens  Y  to  its  normal  focus  at  O.    Thus  it 
is  evident  that  by  altering  the  distance  between 
The  function  lenses  of  a  telephoto  system  a  great 

ofthcneg-  number  of  different  foci  are  obtainable.  The 
ativc  lens.  function  of  the  negative  element  is  to  take  a 
portion  of  the  picture  produced  by  the  ordinary 
photographic  lens  (the  positive  element)  and 
to  magnify  it.  The  amount  of  magnification 
may  be  varied  at  will. 


Properties 
of  the 
telephoto 
lens. 

Size  of  the 
field  illumi- 
nated. 


Properties  of  the  Telephoto  Lens. 

The  foregoing  is  intended  as  a  simple  de- 
scription of  this  somewhat  complex  lens.  The 
following  pages  will  explain  some  of  the  pro- 
perties which  affect  its  use  and  application. 

The  diameter  of  the  size  of  the  field  varies 
directly  with  the  magnification  (or  length  of 
focus)  of  the  telephoto  system,  although  it  is 
slightly  decreased  by  the  use  of  a  small  stop. 

In  figure  135  is  represented  a  telephoto  lens, 
with  which  the  image  can  be  focussed  sharply 
at  different  distances  behind  the  system, 
namely  at  a",  a'  and  a.    For  instance,  at  a"  the 


Figure  135. 

magnification  is  small,  say  twice,  and  the  circle 
(diameter)  is  XX',  while  at  a' the  magnification 
is  increased  to  four  times,  and  the  diameter 
is  now  YY'  and  is  greater  than  XX'.  In  the 
third  case  the  magnification  is  eight  times  and 
the  circle  of  illumination  has  a  diameter  equal 
to  ZZ',  much  larger  than  in  either  of  the  pre- 
ceding cases.    So  that  the  area  of  the  field 
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vari^.s  directly  with  the  magnification  {f hough 
all  the  tune  the  ang:e  of  view  XOX' ,  YOY'  and  ZOZ^ 
is  the  same). 

It  has  been  thought  necessary  to  mention 
this  fact  because  when  using  a  telephoto  lens 
with  only  a  low  magnification,  the  ground  glass 
will  have  a  circle  of  light  on  it  representing  the 
view,  while  the  corners  will  be  black. 

Such  an  appearance  might  lead  those  unac- 
customed to  the  use  of  the  lens  to  suppose 
that  their  manipulation  was  defective,  but 
when  a  small  or  low  magnification  only  is 
required,  as  is  occasionally  the  case,  it  is 
impossible  without  a  lens  specially  designed 
for  low  power  work  (see  low  power  elements) 
to  cover  the  whole  plate.  An  adjustment  to 
the  telephoto  lens  increasing  the  magnification 
will  rapidly  enlarge  the  diameter  of  the  field 
of  view,  spreading  the  image  over  the  whole 
surface. 

An  example  taken  from  the  table  at  the  end 
of  this  pamphlet  may  make  the  point  clear. 

A  ^-plate  telephoto  lens  when  magnifying 
three  times  (i.e.,  when  an  object  is  depicted 
three  times  as  large  as  by  the  positive  alone) 
illuminates  sharply  a  circle  of  view  2-J-  inches 
in  diameter.  (This  is  only  in  the  case  of  our  Standard 
power,  the  Low  power  would  give  a  5^-inch  circle  of 
sharply  defined  picture  at  a  similar  magnification). 
This  would  not  fill  the  whole  of  a  J-plate,  but 
when  the  magnifying  power  is  increased  to 
ten  times,  the  circle  of  view  illuminated  be- 
comes 9^  inches  in  diameter,  which  would  not 
only  cover  a  J-plate,  but  even  a  |-plate. 

It  often  happens  that  this  ''special"  lens  is 
used  for  photographing  some  particular  detail, 
such  as  the  capital  of  a  column  or  a  bird's 
nest ;  for  this  work  a  low  magnification  is 
required,  the  corners  will  not  be  illuminated, 
but  the  object  of  interest  will  be  in  the  centre, 
of  the  illuminated  portion,  so  that  it  is  of  no 
account. 


Effect  of  a 
small  circle 
of  illumi- 
nation. 


Area  of 
circle  of 
illumination 
with 

different 
lenses. 
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Table  of  the 
diameter  of 
the  field 
necessary 
for  various 
plates. 


The  angle  of 
view  is 
constant. 


The  following  table  gives  the  diameters  of 
the  circle  of  illumination  necessary  to  cover 
plates  of  different  sizes. 

Circle  of  View  required  Circle  of  View  required 

in  inches.        Plate  in  use. 

5A-    I  8.ix  6.i  - 

6,^^-    i  10  X  8  - 

8       I  12  xlO  - 

i 


Plate  in  use. 

4ix3i  - 
5  x4  - 
6ix4j  - 
7  x5 

The  angle  of  view  included 


in  inches. 

12f 
15* 


6 

f  (T 


in  the  circle  of 
vary    with  the 


the  field  of   view  does  not 
magnification.    It  is  the  size  of  the  circle  of 
illumination  only  that  varies. 

To  emphasize  the  importance  of  the  above, 
it  must  be  understood  that,  if  a  certain  amount 
of  the  landscape  is  included  within  the  complete 
circle  of  view,  an  alteration  of  the  magnifying 
power  will  increase  or  decrease  the  size  of  the 
picture  and  the  circle  of  illumination^  with  it, 
but  will  not  alter  the  amount  of  the  landscape 
in  the  whole  field.  It  must,  however,  be  borne 
in  mind  that  when  the  plate  in  use  is  smaller 
than  the  field  of  view  as  in  figure  136A,  though 
the  whole  view  is  portrayed,  the  plate  is  only 
receiving  a  portion  of  it. 


A  B 

In  figure  1  36b  the  plate  is  receiving  the  whole. 
The  actual  extent  of  the  landscape  included 
in  the  two  figures  is  the  same,  only  the  scale 
on  which  they  are  rendered  is  different. 

Equality  of        Equality  of   illumination    is    increased  by 

illumination,  stopping  down  the  positive. 

If  a  lens  illuminates  the  edges  of  the  field 
of  view  as  brilliantly  as  the  centre,  then  the 
equality  of  illumination  is  perfect,  but  if  the 
light  gradually  fades  away  into  total  blackness 
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from  near  the  centre  to  the  edge,  the  reverse 
is  the  case. 

The  field  of  view  of  a  telephoto  lens  sonie- 
what  shades  off  in  this  way  near  the  extreme 
margin  of  the  field.  This  is  due  to  the  distance 
of  the  lenses  of  the  system  from  one  another. 
It  is,  however,  not  very  appreciable  if  the 
positive  lens  is  one  of  the  modern  orthostig- 
matic  or  anastigmiatic  type/''  It  may  be 
considered  as  a  general  principle  that  a  posi- 
tive photographic  lens,  which  is  designed  only 
to  cover  the  plate  for  which  it  is  constructed, 
is  not  so  suitable  as  one  which  is  capable  of 
covering  a  much  larger  plate,  as,  for  instance, 
the  orthostigmats  listed  at  the  end  of  this  book. 

The  stopping  down  of  the  positive  increases  xhe  effect 
the  equality  of  the  illumination,  but  this  must  of  stopping 
not  be  carried  too  far  (see  Rapidity).  down. 

Therefore,  for  successful  telephotographic 
work,  a  positive  giving  a  great  equality  of  illu-  Rapidity, 
mination  combined  with  rapidity  is  the  best. 

The  rapidity  of  a  telephoto  lens  is  much  less 
than  that  of  the  positive  alone,  and  varies 
inversely  with  the  magnification. 

When  an  ordinary  photographic  lens  is  eon- 
verted  temporarily  into  a  telephoto  lens  by  the 
addition  of  a  telephoto  attachment,  the  focus 
of  the  lens  has  been  altered,  but  not  the  size 
of  the  aperture,  and  consequently,  the  effective 
aperture  of  the  Iris  diaphragm  remaining  the 
same  and  the  focus  being  increased,  the 
rapidity  will  have  been  reduced. 

The  adjustment  which  alters  the  focus  of  a 
telephoto  lens  is  engraved  with  a  scale.  This 
scale  is  divided  to  show  the  magnification  or 
the  increased  size  of  the  ima^e  over  that 
produced  by  the  positive  lens  alone.  On  the 
Beck-Steinheil  Telephoto  Attachments  figures 
3,  5,  8,  10,  etc.,  are  engraved,  which  represent 


'-^  A  low  power  element  is  always  nearer  to  the  positive  than  one  of 
higher  power  ;  it  is  also  of  greater  diameter  ;  consequently,  with  this  com- 
bination the  illumination  is  the  most  perfect. 
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Rule  for 
finding  the 
aperture  of 
a  telephoto 
lens. 


Diffraction. 


the  increased  size  of  the  image  as  compared 
with  that  of  the  positive  alone. 

To  find  the  effective  aperture  or  rapidity  of 
a  telephoto  lens  in  terms  of  the  focus  (f)  : — - 

Multiply  the  aperture  of  the  positive  by  the 
magnification  in  use.  Thus,  if  the  diaphragm 
of  the  positive  be  set  at  an  aperture  of  f/8  and 
a  magnification  of  4  be  in  use,  the  resultant 
aperture  of  the  whole  system  in  terms  of  the 
focus  will  be  f/32,  and  if  an  exposure  of  4 
seconds  was  correct  with  the  positive  alone,  64 
seconds  must  be  given  for  the  telephoto  lens. 

To  sum  up 

(a)  To  find  the  aperture  (therefore  the 
rapidity)  : — Multiply  the  aperture  of  the  posi- 
tive by  the  magnification. 

(b)  To  find  the  requisite  exposure  : — ^Multiply 
the  exposure  required  by  the  positive  alone  by 
the  square  of  the  magnification. 

Theoretically  an  aperture  not  smaller  than 
f/72  should  be  used  in  the  combined  lens,  that 
is,  if  8  magnifications  are  in  use  the  position 
must  be  f/8  and  not  smaller,  else  diffraction 
may  be  introduced. 

The  following  table  will  give  at  a  glance  the 
largest  magnification  that  should  theoretically 
be  used  with  different  apertures. 


Maximum  magnifyinj 


Maximum  magnifying 


power. 

Aperture. 

power. 

18 

f/16 

-  ^ 

12 

f/22 

-  34 

9 

f/32 

-  2J 

6J 

Aperture. 

f/4 
f/6 
f/8 
f/11 

This  further  emphasizes  the  necessity  of 
having  a  good  rapid  positive.  A  positive  with 
nominally  a  very  large  aperture,  but  without 
equality  of  illumination  and  first-class  correc- 
tions, will  have  to  be  stopped  down  before 
definition  is  obtained,  and  in  this  case  it  is  no 
better  than  a  slower  lens  which  does  not  need 
stopping  down. 

In  actual  practice  the  question  of  diffraction  is  not  of 
such  great  importance  as  theory  would  indicate,  a  stop 
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as  small  as  fl250  can  he  used,  and  the  definition  thus 
sacrificed,  is  replaced  by  increased  depth  of  focus  (see 
page  236) . 

A  telephoto  lens  of  the  Beck-Steinheil  type 
has  the  least  possible  number  of  outside  sur- 
faces, namely,  2,  and  loss  of  light  by  reflection 
may  be  neglected.  The  positive  should  have 
as  few  outside  surfaces  to  scatter  the  light  as 
possible. 

It  may  also  be  pointed  out  from  the  fore- 
going that  for  a  positive  lens  of  great  rapidity 
an  attachment  of  high  power  is  suitable,  while 
for  a  positive  of  low  rapidity  an  attachment  of 
low  power  is  most  suitable. 

The  depth  of  focus  of  a  telephoto  lens  is 
dependent  on  the  aperture  actually  in  use;  if 
a  positive  with  an  aperture  of  f/6  is  used  with 
a  magnifying  power  of  4  it  will  have  one-fourth 
the  depth  of  focus  for  distant  objects  that  is 
possessed  by  the  positive  alone;  if  6,  one-sixth 
and  so  on ;  the  depth  can  be  increased  by 
stopping  down  the  original  positive  in  the 
usual  manner. 

The  distortion  present  in  a  telephoto  lens  of 
the  Beck-Steinheil  type  is  a  negligible  quantity, 
provided  the  negative  element  is  combined 
with  a  positive,  in  which  there  is  no  distortion. 

In  a  lens  of  the  single  type  there  is  invariably 
distortion  present,  which  renders  straight  lines 
in  the  photograph  curved  when  they  lie  at  the 
edge  of  the  field.  There  is  no  distortion 
present  in  the  case  of  a  good  doublet  lens. 
The  negative  lens  itself  is  usually  not  free 
from  this  defect,  but  if  the  formula  has  been 
carefully  calculated,  and  the  lens  is  suitably 
adjusted,  it  is  so  slight  that  it  may  be  dis- 
regarded. 

*  There  is  very,  little  doubt  that  in  telephotography,  just  as  in  any 
other  comparatively  little  followed  branch  of  work,  the  tendency  to  run  to 
extremes  is  disastrous  to  beginners,  and  results  in  disappointment  owing 
to  poor  pictures.  It  is  most  important  to  use  the  smallest  magnification 
possible,  and  in  general  3  to  4j  will  be  ample,  and  the  difficulties  will  be  no 
greater  than  in  the  use  of  the  ordinary  photographic  lens.  Where  price 
is  not  of  great  importance  the  low  power  magnifying  element  will  give  the 
most  satisfactory  results  and  the  cirele-  of  illumination  is  very  large. 


Loss  of  light 
by  reflection. 


Most 
suitable 
attachment 
for  rapid 
and  slow 
lenses. 

Depth  of 
focus. 


Distortion. 
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The  tcle- 
photo  lens 
and  the 
telephoto 
attachment. 


Description  of  the  Telephoto  Lens 
AND  ITS  Adjustments. 
A  brief  description  of  the  appearance  of  the 
lens  may  be  useful.    The  Beck-Steinheil  Tele- 
photo Lens'''  has  been  taken  for  illustration. 


Figure  137. 


A  distinction  has  been  carefully  preserved 
between  the  telephoto  lens  and  the  telephoto 
attachment.  In  figure  137  a  complete  tele- 
photo lens  is  shown  consisting  of  an  ordinary 
photographic  lens  A  screwed  into  the  tele- 
photo attachment  B.  The  latter  consists  of  a 
suitable  negative  lens  C,  mounted  at  the  end 
of  a  brass  tube  which  screws  into  the  flange 
D  :  this  flange  is  fixed  in  the  ordinary  way  to 
the  camera  front,  and  is  of  such  a  size  that 
it  will  allow  of  the  use  of  the  positive  lens  A 
alone,  or  the  complete  system,  without  the 
addition  of  an  adapter. 

By  rotating  the  milled  head  F  the  distance 
between  the  positive  A  and  the  negative  B  can 
be  varied  at  will. 

If  the  distance  be  varied  in  this  way  the 
focus  of  the  system  will  be  altered,  as  has  been 
pointed  out,  and  therefore  the  magnification. 
The  tube  E  is  engraved  with  a  scale  3,  5,  8,  10, 
15,  according  to  the  attachment,  as  shown  in 
figure   137.     These  numerals   represent  the 

This  lens  is  obtainable  in  3  powers,  Standard,  High  and  Low  power* 
that  illustrated  is  the  Standard  power. 
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magnifying  power,  or  the  number  of  times  the 
image  produced  by  the  telephoto  lens,  is  larger 
than  that  which  would  be  produced  by  the 
positive  alone.  The  milled  head  F  can  be  used 
to  finally  adjust  the  focus  if  the  exact  magni- 
fication is  not  of  importance. 

The  combination  iiiustrated  in  figure  137  is  a 
Beck-Steinheil  Orthostigmat  Series  1.,  f/6-3,  and 
a  E>eck-Steinheil  S.P.  triple  cemented  negative 
lens  or  attachment  mounted  in  a  brass  tube, 
v/ith  a  rack  and  pinion  focussing  motion  and 
engraved  with  the  ma^^nifications.    This  is  the 

o  o 

most  useful  com.bination  and  fulfils  all  the 
conditions  laid  dov/n  as  essential  for  successful 
telephotography;  it  is  recommended  for: — - 

(a)    Natural  history  work.  AppHca- 
(/?)    Architecture.  tions. 

(c)  Distant  landscape  and  marine  work. 

(d)  Mountain  scenery. 

(e)  Astronom.y. 

For  the  special  high  speed  work  referred  to 
on  page  242,  it  may  be  found  more  advisable  to 
substitute  an  Extra  Rapid  Autograph  Lens 
working  at  f/4  or  Biplanat  for  the  Orthostig- 
mat, when  the  combination  can  be  used  for 

(a)  Portrait  v/ork. 

(b)  Difficult  medical  studies. 

Notes  on  the  Application  and  Use 
OF  THE  Lens. 

It  ma.y  be  asked,  why  should  a  telephoto  Reason  for 
lens  be  used  when  a  smiall  picture  might  be  its  use. 
taken,  the  required  portion  of  which  can  sub- 
sequently be  greatly  enlarged  ?  No  doubt  such 
a  plan  could  be  adopted,  but  it  would  be  found 
that  great  loss  of  defmition  would  be  the 
result.  A  photographic  negative  consists  of  a 
sedimentation  of  smiall  silver  granules,  and  in 
enlarging  a  small  picture  these  granules  are 
also  correspondingly  enlarged,  producing, 
except  in  the  case  of  very  moderate  magnifica- 
tion,  a   coarse   appearance   w^hich  destroys 
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definition.  It  is  to  avoid  this  result  that  a 
telephoto  lens  is  employed. 


Exposure. 


Telephoto 
pictures  that 
are  repro- 
duced in 
this  book. 


The  correct 
exposure  for 
the  positive 
alone. 


Exposure. 

Before  considering  the  actual  practical  appli- 
cations of  the  telephoto  lens,  a  few  remarks  on 
exposure  may  be  interesting.  The  rule  already 
referred  to  must  be  borne  in  mind,  namely, 
that  the  correct  exposure  may  be  ascertained 
by  multiplying  that  required  by  the  positive 
alone,  by  the  square  of  the  magnification. 

All  the  telephotographs,  with  the  exception 
of  one  Swiss  view,  which  are  reproduced  in 
this  book  have  been  given  exposures  on  this 
basis,  and  they  are  examples  of  English  work 
where  all  the  disadvantages  of  climate,  etc., 
had  to  be  overcome.  They  are  not  taken  in 
the  dry  and  clear  atmosphere  of  America, 
where  a  leaning  towards  under-exposure  might 
be  a  positive  advantage.  Some  writers  have 
criticised  the  method  given  for  arriving  at  the 
correct  exposure,  stating  that  it  tends  towards 
over-exposure,  and  it  is  in  order  to  impress  on 
the  beginner  in  this  branch  of  work  the  neces- 
sity of  a  full  exposure  that  these  few  remarks 
are  included. 

The  first  point  to  consider  is,  what  would  be 
the  correct  exposure  if  the  positive  were  used 
without  the  telephoto  attachment?  It  is  well 
known  that  there  is  much  latitude  in  this 
respect  with  good  plates  or  films.  A  series  of 
five  photographs  were  taken  at  the  following 
exposures— 1 -5th,  1-1 0th,  1 -20th,  l-40th,  1-80th 
of  a  second  on  the  same  brand  of  film  and  at 
the  same  aperture  with  a  shutter  (Frena 
principle)  which,  under  every  condition,  gives 
the  same  relative  exposures  and  is  perfectly 
reliable,  because,  even  if  the  initial  exposure 
be  inaccurate,  all  the  succeeding  ones  are 
exactly  half  the  previous.  The  results  of  those 
tests  showed  printable  results  at  every  one  of 
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the  exposures,  and  with  careful  development 
there  was  little  to  choose  between  them, 
though  the  extremes  were  slightly  over  and 
under-exposed.  The  correct  exposure  as  far 
as  could  be  judged  was  l-30th  of  a  second,  but 
l-80th  gave  a  worse  result  than  l-5th.  This  is 
what  might  have  been  expected,  for  the 
shortening  of  the  exposure  intensifies  the 
high-lights  and  omits  the  details  in  the 
shadows,  while  over-exposure  levels  down  all 
contrasts  but  preserves  the  details.  In  tele- 
photography it  is  the  details  that  are  required; 
for  an  object  that,  on  a  small  scale,  might 
appear  sufficiently  portrayed  with  a  short 
exposure,  upon  a  large  scale,  would  require 
more  detail  to  be  shown.  Suppose  a  magni- 
fication of  10  to  be  used,  the  correct  exposure 
would  have  to  be  multiplied  by  100  giving  3i 
seconds,  and  it  is  quite  probable  that  20 
seconds  or  more  would  have  given  some 
result,  as  also  would  IJ-  seconds.  Now,  it  is 
almost  certain  that  the  correct  exposure  for 
the  positive  will  be  over-estimated,  as  few 
but  those  accustomed  to  the  constant  use  of 
rapid  shutters  give  the  minimum  exposures. 
One-tenth  of  a  second  would  probably  have 
been  selected  in  place  of  l-30th,  in  which  case 
10  seconds  works  out  to  be  the  exposure 
required,  or  three  times  that  which  is  correct. 
When  this  is  done  it  is  not  the  fault  of  the  rule 
that  the  picture  is  over-exposed,  but  of  the 
worker  in  making  the  original  estimate  of  the 
exposure.  The  cure  is  not  to  alter  a  correct 
rule,  but  to  obtain  a  more  accurate  knowledge 
of  exposures. 

There  is  another  aspect  to  the  question  that 
is  worth  considering.  It  is  distance  that  is 
being  dealt  with  in  telephotography.  In  photo- 
graphing an  open  landscape  with  objects 
stretching  away  for  a  mile  or  more,  as  in  plate 
XXXI 11.  the  exposure  should  be  regulated,  not 
to  bring  out  the   foreground   or  the  heavy 


Effect  of 
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over- 
exposure. 


Effect  of 
distance  on 
exposure. 
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On  stopping 
down. 


Uncertainty 
of  the 
diffraction 
theory. 


foliage  to  the  left,  but  the  distance,  and  should 
in  consequence  be  much  shorter  than  is 
usual  for  a  landscape  v/ith  heavy  foliage.  The 
subject  illustrated  had  an  exposure  of  l-5th  of 
a  second  at  f/32,  Beck- Harris  screen,  I  solar 
plates;  whereas  to  have  fully  rendered  the 
foreground  an  exposure  of  1  second  v/ould 
have  been  better.  Now,  the  exposure  for  plate 
XXXI 1.  was  calculated  not  on  the  exposure 
necessary  for  a  proper  rendering  of  the  fore- 
ground and  heavy  foliage  which  is  scarcely 
included,  but  on  the  actual  exposure  given  for. 
plate  XXXIII.,  which  is  too  short  for  anything 
but  the  distance.  If  this  had  not  been  done, 
five  times  too  much  exposure  would  have  been 
given,  and  once  again  theory  would  have  been 
falsely  accused.  It  must  always  be  remem- 
bered that  telephotography  is  concerned  with 
distance. 

On  Stopping  Down. 
Earlier  on  it  was  suggested  that  the  tele- 
photo  lens  should  not  be  stopped  down  belcv/ 
f/72,  according  to  theory,  whereas  practice  tells 
a  different  tale.  The  theory  of  diffraction  is 
dependent  on  the  wave  theory  of  light,  and, 
until  some  more  definite  knowledge  is  forth- 
coming as  to  the  ultimate  nature  of  light, 
deductions  from  this  theory  must  be  accepted 
with  caution. 

Plate  XXXV.  is  included  here  as  an  example 
of  the  results  following  on  the  use  of  f /240 ; 
very  poor  definition  would  have  been  expected, 
whereas  the  definition  is  good.  From  a  con- 
siderable experience  of  telephoto  lenses  and 
telephoto  work,  it  seems  that  the  appearance 
of  diffraction  is  of  much  less  importance  when 
the  aperture  of  the  lens  system  is  of  some 
considerable  size,  however  small  the  actual 

aperture  may  be.     In  the 
aperture    of   the  system 
stopped    down    to  f/240, 
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w 


hen 


measured  a  J-inch  across    a  sufficiently  large 
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aperture  to  admit  of  the  passage  of  a  large  po^^l  val 
bundle  of  light  without  interference.    If  the  ©f  the 
aperture  of  f7240  had  been  employed  on  the  aperture, 
positive  alone  it  would  have  measured  only 
1-35  inch  across,  and  diffraction  would  un- 
doubtedly have   injured  the  definition.  For 
telephoto    work   in    the    field   it  seems  only 
necessary  to  have  a  clear  aperture  of  not  less 
than  a  J-inch  in  the  Iris  diaphragm  of  the  posi- 
tive, and  it  will  not  be  found  to  matter  what  its 
focal  value  is.   These  remarks  are  simply  based  ' 
on  practical  experience,  and  do  not  profess  to 
put  forth  any  new  theory. 

Some  of  the  beautiful  work  which  has  Natural 
appeared  from  time  to  time  illustrative  of  wild  history, 
life,  as  it  is  seen  in  nature,  was  rendered 
possible  by  the  introduction  of  thetelephoto  lens. 
The  study  of  timid  creatures  has  been  rendered 
easier  by  the  advantages  which  it  affords. 
To  approach  as  near  a  bird  as  is  necessary 
with  ordinary  apparatus  to  obtain  anything 
but  a  diminutive  picture  is  almost  an  impossi- 
bility, but,  on  the  other  hand,  to  get  the  same 
sized  picture  with  a  telephoto  lens,  the  distance 
may  be  4,  8  or  10  times  as  great. 

Suppose,  for  instance,  it  is  required  to  photo- 
graph a  starling  on  the  edge  of  the  hole  in 
which  its  nest  is  built.  To  obtain  a  sufficiently 
large  image  with  a  9  in.  lens  and  a  half-plate 
camera  the  instrument  cannot  be  more  than 
3  feet  away.  A  telephoto  attachment  fitted  to 
the  same  lens,  and  adjusted  to  give  a  magnifi- 
cation of  8,  would  enable  the  photographer  to 
retreat  with  his  apparatus  to  a  distance  of 
24  feet  and  produce  a  similar  picture.  The 
value  of  this  extra  distance  can  hardly  be  over- 
estimated in  photographing  natural  history 
subjects,  where  the  close  proximity  of  a 
camera  is  likely  to  disturb  the  object. 

Another  advantage  is  the  better  perspective 
given — to  quote  an  example  in  the  writer's 
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experience— the  photograph  of  a  tern's  nest 
among  the  sand  and  gravel  was  rendered  much 
more  lifeHke  by  the  use  of  a  long  focus  lens 
than  would  have  been  the  case  if  an  ordinary 
photographic  lens  had  been  used.  The  latter, 
by  giving  undue  prominence  to  the  eggs  by 
dwarfing  the  surroundings,  would  misrepresent 
nature  and  give  a  lack  of  proportion  to  the 
picture. 

Architcc-  Perhaps  in  no  other  branch  of  pictorial  or 

(ural  work.  technical  photography  does  the  value  of  the 
telephoto  lens  become  more  apparent  than  in 
architectural  work.  There  are  numerous 
delicate  pieces  of  carving,  curious  small 
windows,  gargoyles,  etc.,  which  appear  insigni- 
ficant when  photographed  under  -ordinary 
conditions,  but  which  when  selected  and  repro- 
duced for  themselves  become  at  once  objects 
of  beauty  and  interest.  It  was  a  common 
practice  m  olden  days  for  the  carving  on  the 
capitals  of  columns  in  the  great  churches  to  be 
presented  by  private  people  who  had  been 
miraculously  cured,  and  when  this  was  the 
case  the  carving  was  often  symbolic  of  the 
affliction.  The  famous  "Corn  and  Toothache" 
capital  IS  an  example.  This  appears  of  little 
interest  when  photographed  in  the  ordinary 
way,  but,  when  taken  with  a  telephoto  lens, 
can  be  well  displayed,  without  being  engulfed 
in  a  mass  of  extraneous  detail.  The  study  of 
the  ornamentation  and  fine  carving  on  windows 
and  columns  is  an  important  means  of 
tracing  the  variations  of  architecture  through 
Norman  and  Early  English  up  to  the  Per- 
pendicular style.  There  are  many  examples 
of  interesting  carvings  quite  unapproachable 
without  the  aid  of  scaffolding,  and  therefore 
up  till  now  overlooked,  which  are  brought 
within  the  range  of  the  architectural  photo- 
grapher with  a  telephoto  attachment. 

The  question  of  what  magnification  should 
be  used  for  architectural  detail  is  a  difficult 
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one  to  answer.  It  is  often  possible  to  place 
the  camera  in  several  positions  all  at  different 
distances  from  the  selected  object,  and  by  the 
adjustment  which  varies  the  focus  of  the  tele- 
photo  lens  to  obtain  the  same  size  picture  in 
each  instance.  Other  things  being  equal,  a 
magnification  of  not  more  than  3  or  4  is  recom- 
mended ;  at  the  same  time,  if  the  subject  is 
much  above  the  level  of  the  camera,  a  better 
effect  will  be  obtained  by  taking  the  camera  to 
a  greater  distance  and  using  a  higher  magnifi- 
cation. It  would  not  be  necessary  then  to 
point  the  camera  upwards  at  such  a  great 
angle.  It  will  occur  to  the  reader  that  as  his 
eyes  are  not  situated  in  the  top  of  his  head, 
views  looking  upwards  will  not  appear  as 
natural  as  those  taken  at  a  less  angle. 

Three  examples  of  architectural  work  under 
differing  conditions  are  here  illustrated. 

Plates XXXIV.  and  XXXV.  are  photographs  of 
St.  Albans  from  Verulam  Woods,  at  a  distance 
of  a  mile  and  a  half — they  are  of  special  interest, 
because  from  no  nearer  position  can  a  view  be 
taken  of  this  abbey  church  showing  its  entire 
length  and  its  wonderful  Norman  tower 
dominating  the  surrounding  country.  This 
verges  almost  into  landscape  photography. 
The  next  plates,  XXXVI.  and  XXXVII.,  are 
examples  of  closer  work.  The  telephoto  picture 
represents  one  of  the  west  towers  of  Durham, 
the  inspiration  of  those  lines  from  Scott  that 
are  carved  on  the  bridge  over  the  Wear  : — 

"  Thy  three  grey  towers,  half  church  of  God, 

"  Half  castle  'gainst  the  Scot." 
It  is  singled  out  to  show  the  wonderful  detail 
of   the    decorated    period    of  ecclesiastical 
architecture. 

Plates  XXXV 1 1 1 .  and  XXXIX.  form  fair  exam- 
ples of  interior  work  requiring  long  exposure, 
and  need  no  explanation.  Attention  might  be 
drawn  to  the  excellent  definition  although  the 
aperture  was  large.    The  fine  masonry  joints 
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Distant 
landscapes. 


Seascapes. 


are  clearly  visible  though  less  than  ^  inch  across. 
This  points  to  an  application  to  which  the  lens 
lends  itself:  there  are  architects  and  borough 
surveyors  who  may  require  records  of  defective 
portions  of  buildings  only  otherwise  obtainable 
by  the  aid  of  scaffolding. 

The  many  ways  in  which  this  lens  can  be 
made  of  use  in  landscape  or  distant  mountain 
work"  will  suggest  themselves  to  the  photo- 
grapher. The  difficulty  of  obtaining  convincing 
photographs  of  mountain  scenery  with  the 
ordinary  camera  is  due  to  the  dwarfing  of  the 
distance  and  the  exaggeration  of  the  fore- 
ground. The  telephoto  lens  gives  a  more  pro- 
portionate rendering.  The  foreground  is 
omitted  or  diminished  in  size  and  the  .distance 
magnified  and  brought  nearer. 

Plates  XXX II.  and  XXXI 11.  have  already 
been  referred  to  when  discussing  exposure, 
but  they  form  a  good  example  of  a  picture  that 
would  have  been  lost  but  for  the  telephoto 
lens,  and  one  that  possesses  distinctly  pleasing 
properties.  The  bright  and  slightly  diffused 
distance  throws  up  the  old  mill  in  its  darker 
hollow  by  the  water  in  a  manner  that  is  most 
effective,  and  the  shocks  of  corn  over  two 
miles  away  seem  appropriate  to  the  spirit  of 
the  mill. 

Kapiaity  of  exposure  is  of  little  moment  in 
landscape  work,  and  therefore  the  prolonged 
exposure  required  with  the  telephoto  system 
may  be  made  without  inconvenience. 

Besides  those  purposes  already  mentioned, 
the  possibilities  of  the  telephoto  lens  for  work 
on  the  sea  are  numerous.  The  intense  light  is 
a  help  in  that  it  reduces  the  exposure  neces- 
sary ;  at  the  same  time  there  goes  with  this 
advantage  a  certain  disadvantage,  inasmuch  as 
the  atmosphere  in  contact  with  the  water  is 


*  The  two  photogravures  facing  the  beginning  of  this  section  in  the 
Edition  de  Luxe,  illustrate  this  pcint  ;  the  telephoto  is  much  the  better 
picture.    These  are  reproduced  as  half-tones  in  the  cheap  edition  Plate. 
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more  liable  to  be  misty  and  "  quivering  "  than 
is  the  case  on  land. 

The  quality  of  the  definition  of  a  telephoto 
lens  is  above  everything  dependent  upon  the 
clearness  of  the  air  between  the  object  and  the 
camera,  and  always  use  a  spectrum  filter  if 
possible. 

In  portraiture  the  use  of  the  telephoto  lens  Portraiture, 
is  more  limited,  speed  is  a  sine  qua  non.  It  is 
usually  conceded  that  the  most  successful 
portraits  are  taken  with  the  lenses  of  the 
longest  foci ;  but  the  cost  of  a  long  focus  por- 
trait lens  is  so  prohibitive  that  the  average 
amateur  has  to  content  himself  with  one  of 
moderate  focus.  In  this  case  the  addition  of 
a  telephoto  element  will  place  in  the  hands  of 
the  amateur  a  battery  of  long  focus  lenses. 
Provided  the  work  is  confined  to  low  magnifi- 
cations, the  aperture  will  not  be  so  small  as  to 
necessitate  excessive  exposures  while  the 
focus  will  be  sufficiently  increased  to  produce 
a  pleasing  perspective. 

Medical  work  may  be  considered  as  a  branch 
of  portraiture  and  this  lens  is  often  of  special 
use.  The  necessity  of  placing  the  camera 
uncomfortably  near  the  patient  is  done  away 
with,  and  the  perspective  is  improved. 

Those  who  are  in  search  of  some  new  line  of 
experimental  work  might  make  a  collection  of 
photographs  of  their  friends'  eyes,  possible 
with  the  aid  of  this  lens;  it  will  give  much 
pleasure  and  amusement  if  names  are  to  be 
found  for  each  "  eye  "  by  those  who  are 
acquainted  with  their  owners,  it  might  take  the 
place  of  book  parties  and  other  social  pastimes. 

A  reference  to  the  application  of  the  tele- 
photo lens  in  war  ought  to  be  made.  Many 
successful  distant  photographs  were  obtained 
during  the  South  African  campaign,  since  the 
intense  light  of  the  veldt  allowed  of  high 
magnifications  and  short  exposures. 
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Views  from  balloons  tor  survey  or  military 
purposes  are  of  far  greater  service  if  a  tele- 
photo  lens  is  employed,  giving  as  it  does  a 
larger  picture  of  distant  objects. 

The  branches  of  work  to  which  the  telephoto 
lens  can  be  successfully  applied  could  be 
summed  up  under  one  head  :  Subjects  too  far 
off  to  be  photographed  with  the  ordinary 
positive. 

Instantaneous  Telephotography. 

The  question  as  to  the  capabilities  of  the 
telephoto  lens  for  instantaneous  work  has  often 
been  discussed.  Under  suitable  conditions  it 
may  be  used  for  snap-shots,  but  with  a  low 
power  element  and  magnification  only.  With 
a  view  to  making  this  very  interesting  use  of 
the  lens  practicable,  the  lower  power  system 
(Beck-Steinheil  attachments)  was  introduced, 
since  it  gives  a  very  large  circle  of  illumination 
with  only  acomparatively  low  power ;  so  that  the 
plate  can  be  covered  easily  without  the  neces- 
sity of  a  great  magnification.  To  take  an 
example  from  the  table  at  the  end  of  this  book, 
if  a  magnification  of  3  is  all  that  is  required 
Vv'ith  the  standard  attachment  and  a  ^-plate 
lens,  a  circle  of  only  4^  inches  is  given,  which 
will  not  nearly  illuminate  a  ^-plate,  whereas 
with  the  low  power  attachmicnt  and  a  similar 
magnification  a  circle  of  illumination  of  more 
than  6^  inches  is  the  result,  and  a  -J-plate  will 
be  almost  covered.  The  advantage  of  this  is 
apparent  when  it  is  remembered  that  a  low 
power  is  the  only  magnification  possible  for 
instantaneous  work,  and  at  the  same  time  great 
covering  power  is  necessary.  The  high  power 
and  standard  power  attachments  do  notgive  this 
covering  power  with  low  magnifications,  as  will 
be  noticed  by  reference  to  the  table  at  the  end. 

With  a  good  positive  and  the  Jov/  power 
attachment,  instantaneous  exposures  can  be 
given  ;  but  it  is  important  to  remember  that  a 
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less  rapid  speed  must  be  employed  than  if  the 
positive  was  used  alone. 

It  should  also  be  remembered  that  a  focal 
plane  shutter"  has  advantages  for  such  a  pur- 
pose because  it  allows  a  large  quantity  of  light 
to  pass  through  the  lens  with  a  given  speed  of 
exposure. 

In  bright  sunlight  fully  exposed  negatives 
can  be  obtained  with  exposures  of  1-1 0th  to 
1-1 00th  of  a  second  with  a  magnification  of  3 
or  4,  and  in  moderate  light  or  for  dark  subjects 
^  to  1-lOth  may  be  frequently  given. 

The  class  of  work  that  is  made  possible  by  illustrative 
instantaneous    or    perhaps    more    correctly  plate. 
"  short  exposure  "  telephotography,  is  illus- 
trated by  plate  XLI V.,  the  subject  being  a  deer 
photographed  under  adverse  circumstances. 

Notes  on  the  Use  of  the  Telephoto 

Lens. 

To   obtain   the   best  possible  results,  the 
camera  should  possess  the  following  : — 

(a)  Great  rigidity.  (d)  Preferably  square 

(b)  Long  extension.  bellows. 

(c)  Considerable  rising       (e)  Firm  tripod  attachment. 

front.  (/)  Considerable  swing-back. 

(g)  Isoehromatic  screen. f 

Anyone  possessing  a  camera  which  has  not  Features 
all  the  above  points  need  not  consider  tele-  of  the 
photography  beyond  him  ;   first-rate   results  apparatus, 
may  be  obtained,  for  instance,  with  a  |-plate 
camera  having  only  14  inches  extension,  conical 
bellows  and  a  not  particularly  rigid  front,  but 
more  care  Vv^ill   have  to  be  taken  to  guard 
against  vibration  during  exposure,  than,  would 
be  necessary  with  a  more  solid  camera. 

A  camera  having  the  seven  points  enumer- 
ated above  will  go  a  long  way  towards  making 
telephotography  in  any  branch  easy  and  certain. 
If  an  extension  up  to  24  inches  on  a  ^-plate  is 
used,  the  camera  must  be  very  rigid  to  pre- 
vent vibration.    Vibration  is  the  great  enemy 

The  mcst  efficient  form  of  sliuUer. 
t  Tlie  Beck-Har.'is  special  spectrum  filter. 
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of  successful  telephotography,  but  if  the 
Camera  apparatus  is  carefully  chosen  for  the  work,  it 
extension.  may  be  satisfactorily  avoided.  The  question 
of  extension  is  one  of  importance  only  in  so 
far  as  it  governs  the  amount  of  magnification 
possible  (a  high  magnification,  a  long  exten- 
sion). The  magnifying  power  which  will  be 
most  used  depends  to  a  very  large  extent  on 
the  class  of  work  undertaken.  Mountain,  sea 
and  landscape  work  often  require  high  magnifi- 
cations, while  architectural  work  and  por- 
traiture seldom  need  more  than  3  or  4 
diameters.  It  is  well,  however,  to  have  a 
camera  with  as  much  extension  as  possible. 
The  camera  should  be  provided  with  a  swing- 
back  with  a  considerable  range  of  adjustment 
and  a  square,  in  preference  to  a  taper  bellows, 
though  the  latter  is  more  portable.  If  the 
lens  portion  is  the  fixed  part  of  the  camera 
and  the  focussing  is  done  by  the  screen,  it  is 
to  be  preferred.-- 
The  tripod.  Too  much  stress  cannot  be  placed  on  the 
necessity  of  a  thoroughly  rigid  tripod,  for  the 
advantage  gained  by  the  steadiness  of  the 
camera  itself  may  be  entirely  sacrificed  if  the 
tripod  be  too  slight,  and  the  larger  the  tripod 
head  the  better.  Some  recommend  in  addition 
a  strong  tilting  table  fixed  to  the  tripod  in 
place  of  the  usual  head.  This  may  be  made  to 
offer  more  support  to  the  camera  itself,  and 
counteract  any  tendency  to  springiness  when 
the  camera  is  much  extended.  It  also  allows 
of  alteration  in  the  inclination  of  the  camera 
v/ithout  interfering  with  the  position  of  the 
tripod  legs. 

Square  The    Camera   most  suitable  for  telephoto- 

model.  graphy  is  the  old  form  square  model  double 

extension. 

At  the  same  time  any  good  instrument  may 
be  made  to  do  excellent  work,  and  while  point- 

*  A  very  useful  accessory,  for  supporting  the  lens  itself,  upon   a  ligh^ 
camera  is  the  "  Bipod.' 
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ing  out  the  most  suitable  form  of  camera,  it 
must  not  be  supposed  that  it  is  the  only  one 
with  which  successful  work  can  be  done. 

Where  it  is  essential  that  the  magnification 
should  be  a  definite  amount,  the  focussing 
must  be  done  by  the  rack  and  pinion  on  the 
camera  in  the  ordinary  manner  ;  but  it  will  be 
found  that  although  there  is  only  one  plane, 
which  gives  an  absolutely  sharp  picture  on  the 
ground  glass,  there  is  some  difficulty  in  finding 
it  by  this  means,  as  the  focus  is  so  long  and 
the  angle  of  the  bundle  of  rays  so  small  that 
the  picture  appears  almost  sharp  for  a  con- 
siderable distance,  on  both  sides  of  the  plane 
of  perfect  definition. 

The  usual  method  of  focussing,  where  the 
exact  magnification  is  not  of  primary  import- 
ance, is  to  make  use  of  the  rack  and  pinion  on 
the  lens  mount,  after  the  size  and  focus  has 
been  roughly  estimated. 

By  this  means  it  is  easier  to  be  certain  that 
the  best  possible  focus  has  been  obtained. 

It  has  been  mentioned  previously  that  the 
rapidity  of  a  telephoto  lens  is  low.  The  image, 
therefore,  is  not  brilliant  on  the  ground  glass, 
and  difficulty  of  focussing  is  increased.  The 
use  of  an  achromatic  focussing  glass  will  be 
found  a  great  help,  and  it  dispenses  with  the 
use  of  a  dark  cloth. 

Careful  focussing  is  an  essential  for  success 
in  telephotography. 

When  the  positive  is  of  good  quality  focussing 
should  always  be  carried  out  at  full  aperture, 
even  though  the  lens  is  to  be  stopped  down, 
finally  for  taking  the  photograph. 

The  highest  magnifications  may  be  used  for 
seascape,  mountain,  and  landscape  work,  where 
the  light  is  usually  very  good.  It  is  not  an 
uncommon  thing  to  give  with  an  ordinary 
photographic  lens  on  a  rapid  plate  an  exposure 
of  1  -200th  of  a  second  at  the  seaside  ,  to  obtain 
the  same  result  with  a  magnifying  power  of  10, 
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an  exposure  of  only  half  a  second  would  be 
necessary,  and  the  increased  length  of  exposure 
is  no  drawback,  nevertheless  it  is  a  wise  rule 
to  use  the  lowest  magnification  that  will  give 
a  suitable  picture. 
Interior  If  a  photograph    is   to  be  taken  inside  a 

exposures.  cathedral,  where  the  correct  exposure  is,  say, 
3  minutes  for  the  positive  alone,  a  magnifica- 
tion of  10  would  be  out  of  the  question,  an 
exposure  of  5  hours  being  required  to  get  the 
same  result.  Consequently,  from  the  point  of 
view  of  exposures  only,  high  magnifications  for 
interior  work  are  seldom  advisable.  There  is 
also  another  factor  which  tends  to  make  the 
use  of  low  magnifications  the  rule  in  architec- 
tural work,  the  position  of  the  camera  is 
comparatively  near  to  the  object  to  be  photo- 
graphed, when  great  magnifying  power  is  not 
so  necessary. 

When  taking  photographs  of  architectural 
details  on  the  outside  of  buildings,  the  question 
of  exposure  is  less  important  and  high  magni- 
fications can  be  used. 

The  greater  the  power  in  use  the  more  are 
the  errors  of  the  positive  increased. 

In  England  the  proverbial  dampness  of  the 
Effect  of  the  climate  is  a  drawback  to  the  use  of  the  tele- 
atmosphere,  pj^oto  lens,  but  it  is  a  well  understood  fact  that 
the  Isochromatic  screen  greatly  aids  the  power 
of  penetration  of  the  lens.  It  reduces  the 
deleterious  effect  of  the  mist,^''  and  when  the 
light  is  strong  it  should  always  be  used. 

The  exposure  increases  in  the  usual  ratio, 
so  that  a  screen   lengthening   the  exposure 
necessary  with  the  positive  alone,  4  times,  will 
increase  the  exposure  necessary  with  the  tele- 
photo  system  by  the  same  amount. 
Back-Harris      ^  screen  has  been  introduced  by  Messrs. 
spectrum        R.  &  cJ.  Beck,  Limited,  specially  for  use  in  this 
filter.  connection  ;  it  is  known  as  the  Beck-Harris 


*  Mist  reflects  a  very  lar^e  percentage  of  ultra-violet  rays,  and  a  Beck- 
Harris  screen  is  so  comp  ted,  that  this  band  is  entirely  removed  from  the 
spectrum  without  interfering  with  the  intensity  of  the  remainder. 
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spectrum  filter.  It  is  not  of  the  usual  com- 
mercial kind  but  is  made  of  a  material  that 
cuts  off  the  blue  portion  of  the  spectrum  ;  it  will 
render  m.any  a  bad  day  a  good  one  for  telephoto- 
graphy. All  the  telephoto  examples  illustrating 
this  volume,  with  the  exception  of  that  of  the 
"deer/*  were  taken  -with  the  aid  of  this  filter. 

When  photographing  by  the  sea  the  tremor  Tremor 
often  present  in  the  air,  may  prevent  a  sue-  of 
cessul  photograph,  and  work  should  not  be  ^*"*osphcre. 
attempted    with    a   high    magnifying  power 
unless  the  air  is  still." 

For  those  who  wish  for  a  simpler,  yet  complete  form  of  Telephoto 
Lens  — the  "  Beck  (Simple)  Telephoto  Objective'*' is  recommended;- 
for  full  particulars,  see  the  end  of  the  book. 

APPENDIX   TO  TELEPHOTOGRAPHY. 
(1)  Camera  Extension. 

It  has  been  only  possible  in  the  tables  on  the  pages  at  the  end  of 
this  book  to  give  the  camera  extensions,  etc.,  for  the  Beck-Steinheil 
Orthostigmats.  As,  however,  the  telephoto  attachment  which  has 
been  described  is  essentially  one  that  can  be  fitted  to  any  type  of 
lens,  it  has  been  thought  advisable  to  give  some  means  whereby 
the  photographer  can  test,  what  magnifications  he  may  expect 
when  his  lens  is  combined  with  either  a  high,  standard,  or  low  power 
attachment,  together  with  the  camera  extension  that  is  necessary. 
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*    Figure  138. 
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In  figure  138. 

Let  f-^  be  the  focus  of  the  positive  lens. 
f2  be  the  focus  of  the  negative  lens. 

oc  be  the  distance  of  the  final  image  from  the  negative  lens. 
E  be  the  enlargement  or  the  magnification. 
A  be  the  focal  points  of  the  positive  and  negative  lenses. 
f3  be  the  focus  of  the  final  image. 
From  the  above  data  and  the  application  of  well-known  optical 
formulae  the  following  results  can  be  readily  obtained. 

>.   .  -  'L 

II.      OC  =   E  (E— 1)  A 


*  For  lenses  suitable  for  use  with  telephoto  attachments  and  for  tho  telephoto  attach- 
ments themselves,  see  end  of  book. 
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Applying  these  two  equations  to  concrete  examples — if  a  lens  of 
6  inch  focus  is  combined  with  a  negative  lens  of  3  inch  focus  and 
a  magnification  of  3  is  required  it  is  found  that 

I.     A   =  1. 

II.     OO     =  6".' 

So  that  if  a  photographic  lens  such  as  the  one  indicated  above 
belongs  to  a  photographer  and  he  wishes  to  know  what  camera 
extension  will  be  required  for  a  given  magnification,  he  can  readily 
find  it.    In  this  case  it  will  be  6  inches  from  the  negative  element. 

In  the  smaller  size  telephoto  attachments  the  mount  is  so 
arranged  that  the  negative  element  is  flush  with  the  front,  and 
these  figures  can  be  relied  on.  In  the  larger  sizes  the  distance 
which  the  negative  element  protrudes  into  the  camera  must  be 
added  ;  this  will  run  to  3  inches  in  a  whole  plate.  It  will  be  seen 
from  the  foregoing  that  the  focus  of  the  positive  does  not  affect 
the  camera  extension  for  a  given  magnification,  provided  the  same 
focus  negative  lens  is  considered  in  each  case.  Thus  the  extension 
of  6  inches  arrived  at  would  be  correct  for  a  positive  of  10  inch 
focal  length.  The  only  difference  being,  of  course,  that  the  positive 
would  produce  a  larger  image  in  the  first  case,  of  an  object  at  a  dis- 
tance, so  that  when  magnified  three  times  the  resultant  image  would 
be  larger  than  that  of  the  6  inch  lens  magnified  the  same  amount. 

(2)  Area  of  Circle  of  Illumination. 

The  focus  of  the  positive  does,  however,  affect  the  diameter  of 
the  field  illuminated  at  any  given  magnification,  this  in  turn 
governs  the  size  of  plate,  which  a  particular  combination  of  positive 
and  negative  will  illuminate.  This  matter  is  of  some  importance 
to  anyone  desirous  of  knowing  what  a  proposed  combination  will 
do,  and  a  means  of  finding  the  circle  of  illumination  is  appended, 
whether  the  element  chosen  be  high,  standard,  or  low  power.*  It 
may  be  necessary  to  find  out  whether  a  magnifying  power  of 
3  will  cover  a  given  plate. 

Let  a  be  the  diameter  of  the  negative  element. f 

b  be  the  diameter  of  the  effective  aperture  of  the  positive 
lens. 

f-^  be  the  focus  of  the  positive,  and  f.^  of  the  negative. 
,,   oc  be  the  distance  of  the  negative  lens  from  the  plate. 

Then  the  diameter  of  the  field  will  be — 

^   X   ^  ^  +  b  f  2 
Thus  if —  f.^  ^1 

a  ^  1  inch, 

b  1  inch, 

f-^  =  6  inches. 

f.2  =  3-3  inches. 

oc  =r  10  inches  (see  previous  formulse). 

10           6  +  3-3  in-  1 

=  X   =     10  mches  approx. 

Q.q  0-7 


*See  Dallmeyer  (telephotography,  page  8C). 

jThe  diamsters  of  the  various  negative  elements  supplied  by  Messrs.  R.  &  J  Beck, 
Ltd..  are  given  in  their  catalogue  at  the  end  of  the  book,  thesa  ars  suitable  for  fitting  to 
any  positive. 


249 


Supplementary  Lenses  (Magnifiers). 

The  addition  of  a  low-pov/er  or  long  focus 
lens  to  a  photographic  objective  was  described 
many  years  ago  in  photographic  publications, 
more  especially  in  connection  with  the  cor- 
rection of  distortion  in  a  single  view  lens,  but 
the  idea  that  it  could  be  made  use  of  in  a 
general  way  was  not  realized  until  about  1892, 
when  Messrs.  R.  &  J.  Beck,  Limited,  issued 
the    Frena  magnifiers." 

There  was  a  valid  reason  for  the  use  of  the 
word  "magnifier"  to  designate  these  additional 
or  supplementary  lenses.  They  were  introduced 
to  overcome  the  difficulty  experienced  with 
all  fixed  focus  cam^eras,  viz.,  of  obtaining 
sharply  defined  pictures  of  near  objects.  By 
their  aid  it  was  possible  to  procure  a  larger  or 
magnified  picture  of  objects  of  small  size.  A 
photograph,  say  of  a  coin  taken  with  an  ordinary 
fixed  focus  camera,  would  be  scarcely  larger 
than  a  pin's  head  owing  to  the  fact,  that  to  ob- 
tain a  sharp  picture,  the  object  would  have  to  be 
placed  at  least  ten  feet  away  from  the  camera. 

By  the  use  of  the  Frena  magnifiers  it  might 
be  sharply  focussed  at  a  distance  as  near  as  a 
foot.  Magnifiers  are,  in  fact,  low-power  lenses 
so  constructed  that  they  do  not,  to  any  extent, 
damage  the  qualities  of  the  photographic 
lens,  and  are  placed  as  close  as  possible  in 
front  to  alter  the  focus,  and  thus  change  the 
range  of  definition.  The  effect  of  combining 
a  positive  lens  with  another  is  to  shorten  the 
combined  focus  in  a  definite  ratio.  If  the 
added  lens  be  a  negative  lens  the  effect  is  to 
lengthen  the  focus. 

The  method  of  estimating  the  focus  of  the 
final  combination  is  as  follows — Multiply  the 
foci  of  the  two  lenses  together,  then  add  the 
two  foci  together  and  deduct  the  distance  apart 
of  the  two  lenses,  and  divide  the  latter  amount 
into  the  former. 


Magnifiers  : 
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introduction. 
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Effect  of  the 
supplemen- 
tary lens. 


Reason  for 
their  use. 


Figure  139. 


Take  an  actual  example,  in  figure  139  B  is  a 
rectilinear  lens  of  say  6  inch  focus,  and  A  is  a 
magnifier  "  in  front  of  it  slipped  over  the 
hood  or  in  some  other  manner  brought  close 
to  the  lens — the  separation  between  A  and  B 
is,  however,  an  inch.  Apply  the  rule  the  focus 
of  A  bemg  20  inches,  6  x  20-=  120,  and  this  is  to 
be  divided  by  6  +  20-  1  =25  and  divide  120  by  25, 
and  the  result  is  4  4-5  as  against  6  inches. 
If  the  additional  lens  had  been  a  negative"  the 
result  would  have  been  different,  6x'-20  =  -120, 
and  this  divided  6  —  20—1  =-15,  and  minus  15 
into  minus  120  =  8  inches,  the  focus  of  the  lens 
would  now  be  8  inches. 

A  quarter-plate  hand  camera,  fitted  with  a 
5|-  inch  lens,  would  render  all  objects  from  30 
feet  to  the  horizon  sharply  with  an  aperture  of 
f/1 1 — if,  however,  it  was  called  upon  to  depict 
sharply  an  object  at  3  feet  from  the  camera  (see 
plate  XLll.),  it  could  not  do  so  unless  the  dis- 
tance from  the  lens  to  the  plate  was  increased 
from  5^  to  nearly  6  inches  by  a  focussing 
motion  : — in  a  fixed  focus  camera  this  is  im- 
possible, and  the  only  alternative,  to  produce 
a  sharp  picture,  is  to  use  a  shorter  focus  lens. 
This  is  what  happens  when  a  magnifier  is 
added,  it  shortens  the  original  focus  to  such 
an  extent  that  it  is  only  near  objects  that  are 
rendered  sharply,  distant  ones  becoming  blurred 
and  indistinct  because  they  come  to  a  focus 
short  of  the  position  of  the  plate. 

If  the  reader  possesses  a  fixed  focus  camera 
and  no  magnifiers,  the  following  is  a  rough 
and  ready  method  of  discovering  of  what  focus 


*  It  is  totally  incorrect  to  call  a  negative  supplementary  lens,  a  tele- 
photo  attachment ;  its  action  is  different  and  the  properties  also. 
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they  should  be  to  give  objects  at  a  given 
distance  in  focus. 

If  fitted  close  in  front  of  the  lens  they  should: 
be  of  a  focal  length  equal  to  the  distance 
which  the  object  to  be  photographed  is  from 
the  camera.  Thus,  for  an  object  11  inches 
away,  an  11 -inch  magnifier  as  thin  as  possible 
must  be  added;  for  9  feet  a  lens  with  a  focus 
of  108  inches  is  necessary. 

The  largest  demand  for  supplementary 
lenses  is  to  photograph  objects  between  3 
and  30  feet  from  the  camera,  these  have 
only  slight  curvature  and  can  be  made  thin. 
The  optical  properties  of  the  lens  they  are 
combined  with  will  not  be  much  impaired  if 
the  surfaces  of  the  supplementary  lenses  are 
optically  worked.  The  quality  of  the  ordinary 
spectacle  lens  is  of  too  low  a  grade ;  incorrect 
centring  of  the  magnifiers  will  not  aid  defini- 
tion, and  it  is  always  well  to  get  these  supple- 
mentary lenses  adjusted  to  the  positive  by  an 
optician  of  standing.  If,  on  the  other  hand, 
magnifiers  of  much  higher  power  are  used  for 
focussing  objects  close  to  the  camera,  it 
is  essential  that  they  be  carefully  adjusted  to 
the  lens  by  a  competent  craftsman,  as  the 
slightest  alteration  of  the  separation  of  the 
two  lenses  or  of  their  centring  will  materially 
affect  the  quality  of  the  definition  and  the 
position  of  the  focal  plane.  They  should  also 
be  made  of  the  meniscus  form. 

The  employment  of  a  negative  in  place  of  the 
positive  supplementary  lens  is  only  applicable 
to  focussing  cameras  that  are  capable  of  con- 
siderable extension.  In  a  fixed  focus  box 
instrument  they  cannot  be  used,  as  instead  of 
shortening  the  focus  and  thus  bringing  the 
field  of  sharp  focus  nearer  to  the  camera,  they 
increase  it  to  a  point  beyond  the  position  of 
the  plate. 

It  must  not  be  supposed  that  these  negative 
lenses  placed   in  front  of   the  photographic 
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positive  are  telephoto  attachments,  for  their 
action  is  entirely  different  and  nnerely  slightly 
alters  the  focus  without  reducing  the  camera 
extension  required. 

It  is  important  to  know  the  range  of  distances 
which  are  in  focus  with  a  given  magnifier, 
particularly  if  the  camera  is  not  possessed  of 
a  ground  glass.  It  is  often  the  case  that  one 
distance  only  is  engraved  ;  this  is  of  little  use, 
for  it  is  quite  impossible  to  gauge  the  distances 
as  accurately  as  this  would  necessitate.  The 

Frena  ''  system  of  magnifiers  is  the  better,  as 
the  depth  of  focus  is  engraved  on  each  supple- 
mentary lens  for  a  given  aperture  of  the  lens; 
there  is  no  difficulty  then,  in  choosing  the 
additional  lens  to  give  any  required  result.  It 
is  comparatively  easy  to  judge  if  an  object  is 
not  nearer  than  9  feet  or  further  away  than 
30  feet,  but  it  is  difficult  to  say  when  it  is 
exactly  1 2  feet  away. 

However  carefully  the  curves  of  supple- 
mentary lenses  are  computed,  there  is  a 
tendency  to  disturb  the  corrections  of  the  one 
to  which  they  are  added,  and  this,  combined 
with  the  fact  that  it  shortens  its  focus,  makes 
it  advisable  to  stop  down  when  using  high- 
power  magnifiers. 

A  great  advantage  attached  to  the  use  of 
these  lenses  as  a  means  of  focussing  is  that 
the  effective  aperture  of  the  whole  remains 
unaltered,  that  is,  f/1 1  is  always  f/l  1,  whether 
the  object  being  photographed  is  life-size  or 
very  small.  In  a  focussing  camera  this  would 
not  be  so;  if  the  object  was  at  a  great  distance 
f/l  1  would  be  f/l  1 ,  but  bring  it  so  near  that  it 
is  life-size  on  the  ground  glass  and  f/l  1  is  f '22, 
though  the  engraving  on  the  diaphragm  re- 
mains the  same.  Few  people  take  this  into 
account  in  hand  camera  work,  and  consequently 
under-expose  for  near  objects.  A  box  camera 
with  magnifiers  for  focussing  can  always  be 
used  accurately  with  an  exposure  meter. 
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A  table  is  attached  which  may  be  interesting 
to  box  camera  workers  who  are  anxious  to 
know,  and  increase  the  scope  of  their  instru- 
ment to  copy  curios,  ornaments,  etc. 
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Note  what  is  the  focus  of  the  lens  in  the 
camera,  say  it  is  5-|-  inches  approximately,  and 
then  determine  what  size  of  picture  is  required 
and  examine  the  first  column.  The  distance 
at  v/hich  the  object  must  be  placed  and  also 
what  focus  magnifier  must  be  used  will  appear 
in  the  two  columns  underneath  the  focus  of 
the  lens  (5J).  For  the  rapid  and  accurate 
copying  of  maps,  pictures,  etc.,  this  is  the  best 
method.  A  magazine  camera  placed  at  the 
required  distance  allows  of  a  number  of  pictures 
being  taken  consecutively  without  any  fresh 
adjustment. 

KlNEMATOGRAPH  LENSES. 

The  process  of  making  a  continuous  series 
of  pictures  or  instantaneous  photographs  for 
exhibition  is  at  present  too  complicated  and 

*  These  figures  do  not  pretend  to  be  ubsolutely  accurate,  they  merely 
act  as  a  guide. 
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Figure  140. 


costly  to  attract  the  amateur,  but  a  book  on 
lenses  is  not  complete  without  some  reference 
to  the  special  lenses  required.  In  making  a 
kinematograph  negative  a  continuous  series  of 
from  15  to  30  instantaneous  photographs  must 
be  taken  every  second,  and  each  individual 
photograph  will  require  an  exposure  of  l-30th 
to  1-1 00th  of  a  second.  The  shorter  the 
exposure  the  better,  provided  there  is  sufficient 
light  to  produce  a  well-exposed  negative.  The 
matter  of  chief  importance  in  considering  the 
lens  that  is  the  most  suitable  for  this  work  is 
the  question  of  brilliancy  of  definition.  The 
cost  and  difficulty  of  manipulating  a  large 
number  of  large  sized  negatives  in  a  continuous 
strip  necessitates  the  originals  being  very 
small;  and  for  exhibition  on  the  lantern  screen 
they  require  to  be  highly  magnified,  conse- 
quently brilliancy  and  perfection  of  detail 
stand  as  of  the  first  importance.  It  is  true 
that  a  slight  lack  of  sharpness  caused  by  move- 
ment of  the  object  during  the  exposure  does 
not  seriously  injure  the  effect — because  a  series 
of  continuous  photographs  of  a  moving  subject 
means,  that  first  one  part  and  then  another 
is  blurred,  and  the  general  effect  is  true  to 
nature — but  the  stationary  surroundings  re- 
peated in  each  successive  picture  must  be 
sharp,  and  any  indistinctness  at  the  corners 
will  become  unpleasantly  prominent  with  the 
high  magnification  that  is  necessary. 

Rapidity  in  the  lens  (figure  140)  is  also  a 
matter  of  some,  importance,  f/6  or  thereabouts 
being  sufficient  for  most  purposes,  and  at  times 
f/8  or  even  f/1 1  can  be  used.    The  focus  will  be 
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short  so  that  the  attendant  defect  of  great  f^^^f^l^ 
rapidity,  namely,  lack  of  depth  of  definition,  is  ^^^^^^^ 
not  of  importance.  The  usual  lens  that  is  used 
has  a  focus  varying  from  H  inches  to  4  inches 
according  to  the  size  of  the  picture  that  is 
required,  giving  perfect  definition  over  the 
whole  of  the  field.  It  has  been  the  custom  to 
supply  a  lens  of  the  Petzval  form  for  this  work, 
but  an  Orthostigmat  (figure  140)  (anastigmat) 
is  much  preferable,  the  illumination  is  better 
and  the  field  flatter,  and  the  marginal  definition 
is  greatly  improved.  The  lens  that  has  been  em- 
ployed for  taking  the  photograph  is  frequently 
used  for  its  projection  on  to  the  screen  :  this  is 
a  mistake,  a  lens  with  the  largest  possible  aper- 
ture, at  least  f/4,  and  better  f/3  of  the  Petzval 
type  should  be  used  for  projection,  unless 
the  lens  is  of  more  than  4  inch  focus,  in 
which  case  it  is  not  of  so  much  consequence. 

It  is  by  no  means  a  rule  or  a  necessity,  that 
the  lens  used  for  projection  should  be  of  the 
same  focus  as  that  with  which  the  picture  was 
taken  ;  a  much  longer  focus  lens  is  preferable 
on  account  of  the  increased  distance  of  the 
screen  from  the  lantern,  and  also,  as  will  be 
pointed  out  under  a  following  heading,  it  is  the 
actual  size  of  the  lantern  lens  and  not  its  focal 
aperture  that  is  the  factor  which  determines 
the  amount  of  light  that  will  reach  the  screen. 

Lenses  for  Stereoscopic  Work. 

The  reason  why  objects  in  nature  appear 
solid,  why  they  have  depth  as  well  as  height 
and  breadth,  and  the  means  by  which  their  Stereoscopic 

distances  and  relative  positions  are  judged,  is 
due  to  the  fact  that  the  two  images  formed  on 
the  retinas  of  the  two  eyes  are  not  the  same. 
The  left  eye  sees  more  of  the  left  side  of  an 
object,  and  the  right  more  of  the  right  side, 
and  although  we  do  not  possess  Sam  Weller's 
power  of  penetration,  each  eye  sees  s  ightly 
round  the  corner,  producing  in  the  brain,  the 
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effect  of  solidity,  by  the  combination  of  the 
two  pictures.  The  nearer  the  object  is,  the 
more  marked  will  be  the  effect,  and  it  is 
by  this  means  that  the  distance  of  an  object 
can  be  estimated. 

This  can  be  readily  understood  by  an  experi- 
ment. If  a  card  with  a  bright  blue  on  one  side 
and  a  red  on  the  other  be  placed  with  its  edge 
against  the  top  of  the  nose,  and  first  one  eye 
be  closed  and  then  the  other,  it  will  be  noticed 
that  one  side  of  the  card  is  seen  with  one  eye 
and  the  other  side  with  the  other,  while  when 
both  eyes  are  open  a  confused  purple  image  of 
the  two  colours  is  obtained.  As  the  card  is 
moved  away  from  the  face  the  two  colours  are 
still  visible  to  the  different  eyes,  the  effect 
decreases  as  it.  is  further  off,  until  at  a  con- 
siderable distance,  one  eye  sees  a  line  bordered 
with  a  fine  blue  edge,  and  the  other  a  line  with 
a  red  edge. 

In  order  to  produce  stereoscopic  pictures, 
two  distinct  photographs  must  be  made  of  the 
same  scene,  one  to  be  viewed  by  the  right  eye, 
and  one  to  be  viewed  by  the  left.  These  two 
pictures  must  be  different,  one  being  taken 
from  a  point  slightly  to  one  side  of  the  other. 
A  casual  examination  of  the  subject  will  show 
that  the  reason  why  each  eye  sees  a  slightly 
different  picture  is  through  their  being  at  a 
slight  distance  apart;  the  further  apart  they 
are  the  more  marked  the  roundness  of  the 
object.  Mr.  Thomas  De  La  Rue  made  some 
curious  photographs  of  the  moon,  which,  when 
combined  in  the  stereoscope,  show  it  as  if  it 
were  an  apple  close  to  the  observer.  It  repre- 
sents exactly  how  it  would  appear  to  a  giant 
whose  eyes  were  20,000  miles  apart.  These 
stereoscopic  photographs  were  obtained  by 
taking  advantage  of  the  swinging  motion  or 
libration  of  the  moon,  and  choosing  suitable 
times  of  the  year  for  procuring  the  photographs 
which  were   identical  in  all  other  respects, 


See  page  242. 
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W.  H.  Wilkins. 


A  ielephoiograph  of  a  Buck  in  Richmond  Park.  Lens  used,  a  No.  5  Beck-Steinheil 
Orthostigmat,  fi6'3,  and  a  low  power  attachment.    Magnification  8  times. 


See  page  271. 


PLATE  XLV. 


Lens-testing  Bench,  manufactured  by  R.  &  J.  Beck,  Ltd.,  68,  Cornhill,  London. 
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except,  that  one  showed  a  little  more  round 
the  edge  than  the  other. 

The  factors  that  govern  the   selection  of  Factors 
lenses  for  stereoscopic  work  are  the  same  as  governing 
those  for  the  branches  already  discussed,  but  {^^^g^^/^^ 
there  are  one  or  two  considerations  which  stereoscopic 
apply  more  particularly  to  this  work.     Most  work, 
stereoscopic    pictures    are    produced    in  a 
double  camera  specially  constructed  for  the 
purpose,  which  has  two  lenses  side  by  side 
about  three   inches  apart.     The  two  lenses 
must  give  identical  images   as   to   size  and 
brilliancy,    as   these  two  images  are   to  be 
combmed  into  one  in  the  stereoscope.    It  is 
not  sufficient  that  the  back  foci  of  the  lenses 
be  the  same ;  that  is,  that  the  distance  of 
the  plate  from  the  back  surface  of  the  lens 
is  the  same,  for  it  by  no  means  follows  that 
their  actual  equivalent  foci  will  be  equal.  The 
size  of  the  image  is  governed  by  the  equivalent 
focus,  and  if  the  equivalent  foci  be  not  the 
same,  the  images  will  not  be  equal.    In  stereo- 
scopic work  it  is  convenient  to  produce  both 
images  on  the  same  plate,  and  upon  the  same 
sensitive  salts  of  silver,  consequently  two  prints 
are  produced  of  the  same  value  as  to  depth 
and  tone,  the  exposure  for  both  pictures  must 
be  identical.    It  is  easy  to  produce  a  shutter 
that  will  give  the    same    exposure   to  both 
portions  of  the  plate,  but  it  is  not  so  easy  to 
produce  two  lenses  and  two  shutters  that  will 
allow  of  the  passing  of  the  same  amount  of 
light  to  their  respective  pictures  on  the  same 
plate.    The  most  important  consideration  in 
this  connection  is  the  actual  aperture  of  the 
diaphragm — though  the  construction  of  the  lens 
itself  is  of  sufficient  importance  as  to  preclude 
the  use  of  two  different  types  of  lenses.    The  gj^^ 
size  of  the  pictu  re  employed  for  use  in  the  picture, 
stereoscopic  camera  is  usually  double  J-plate 
size  and  is  restricted  by  several  causes;  hence 
the  choice  of  foci  is  also  limited. 
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Influence  of 
focus  upon 
stereoscopic 
effect. 


Effect  of 

separation 

on 

stereoscopic 
vision. 


The  choice  of  a  long  focus  lens  gives  a 
better  and  more  truthful  perspective  ren- 
dering, but  it  reduces  the  effect  of  solidity 
and  depth  in  the  finished  print,  and  objects  do 
not  stand  out  so  prominently  from  each  other. 
A  long  focus  lens  includes  little  foreground, 
and  therefore  the  prominent  objects  must  be 
at  a  considerable  distance  from  the  camera. 
If  marked  stereoscopic  effect  is  desired  a  short 
focus  lens  should  be  chosen,  and  to  get  over 
the  difficulty  of  poor  stereoscopic  effect 
attendant  upon  the  use  of  long  focus  lenses, 
the  separation  of  the  latter  must  be  increased. 

In  the  normal  man  the  eyes  are  situated 
about  2-^  inches  apart,  and  if  this  distance  could 
be  increased,  to  say  3  ft.,  it  would  be  possible 
to  tell  whether  a  tree  3000  yards  away  was 
nearer  or  further  off  than  one  situated  to  the 
side  of  it  at  either  2950  or  3050  yards,  in  other 
words  the  stereoscopic  effect  would  be  much 
increased. 

In  the  same  way  the  separation  of  the  two 
lenses  in  use  is  usually  some  3  inches  from 
centre  to  centre  ;  if  this  be  increased  to  say 
4  inches,  the  stereoscopic  effect  will  be  cor- 
respondingly heightened,  and  it  will  be  possible 
to  get  a  sufficient  effect  of  solidity  with  lenses 
of  a  longer  focus.  Lenses  from  3  to  5  inches 
focus  should  be  placed  about  3  inches  apart, 
and  longer  focus  lenses  3  to  4  inches  according 
to  circumstances. 

The  stereoscopic  picture  when  finished  is 
familiar  to  all.  There  are  two  almost  identical 
prints  which  correspond  with  the  two  separate 
images  produced  upon  the  retinas  of  the  two 
eyes,  and  it  follows  that  to  produce  the  same 
effect  upon  the  brain,  the  left  eye  must  view 
one  picture  and  the  right  eye  the  other.  The 
method  followed  to  obtain  this  end  is  as 
follows  :  Two  positive  lenses  are  mounted  in  a 
holder  so  far  apart  that  the  eyes  perforce  look 
through  the  edges,  and  the  picture  is  placed  at 
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a  distance  of  some  8  or  9  inches  from  them, 
while  a  division  runs  from  between  the  eye- 
pieces to  divide  the  pictures.  The  eyepiece 
lenses  are  generally  made  prismatic  so  that 
there  is  no  difficulty  in  combining  the  two 
images  as  one. 

To  project  stereoscopic  pictures  on  a  lantern 
screen  has  often  been  attempted,  and  it  would 
be  difficult  to  imagine  a  more  effective  exhibi- 
tion than  this,  if  it  could  be  done,  but  a 
momentary  reflection  will  show  the  difficulties 
in  the  way. 

To  procure  a  stereoscopic  effect,  ^ach  eye 
must  see  a  different  picture.  By  the  stereo- 
scopic camera  these  two  pictures  can  be  pro- 
duced— so  far  so  good ;  but  if  two  transparencies 
are  thrown  on  to  the  same  screen  one  on  top 
of  the  other  so  as  to  coincide,  no  stereoscopic 
effect  will  result,  it  is  merely  as  if  a  single 
plane  view  of  the  pieee^  of  scenery  were 
exhibited,  because  both  eyes  now  see  both 
pictures,  which,  not  being  identical,  simply 
serve  to  confuse  each  other.  In  order  to  solve 
this  difficulty,  several  methods  have  been 
attempted.  One  is  as  follows :  two  lanterns 
are  arranged  side  by  side  as  suggested,  and  in 
each,  either  in  front  or  behind  the  objective,  is 
placed  a  large  polarizer,  the  one  with  the  prism 
vertical  and  the  other  with  the  prism  hori- 
zontal. Each  observer  is  provided  with  a  pair 
of  analyzing  prisms  in  a  spectacle  frame  which 
are  likewise  the  one  vertical  and  the  other 
horizontal.  It  is  known  to  most  that  if  light 
which  has  been  passed  through  a  polarizing 
prism  be  viewed  through  an  analyzing  one  at 
right  angles,  it  is  extinguished  or  blocked  out. 
This  is  the  principle  that-is  applied  in  the  case 
under  consideration.  The  polarizer  in  the  left- 
hand  lantern  is  vertical,  and  the  analyzer  in  the 
left  eye  is  likewise  vertical,  while  the  right- 
hand  polarizer  is  horizontal  as  also  is  the  right- 
hand  analyzer. 


The 

projection  of 
stereoscopic 
pictures  on 
the  screen. 


By  polarized 
light. 
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It  follows  that  none  of  the  li^ht  emitted  from 
the   left   lantern    can    enter   the   right  eye 
because  the  polarizer  and  analyzer  are  crossed, 
and  vice  versa,  so  that  the  left  eye  can  only 
see  the  picture  on  the  screen  produced  by  the 
left  lantern  and  the  right  that  thrown  by  the 
right  lantern  ;  hence  the  same  effect  is  pro- 
duced as  in  a  hand  stereoscope.     Clearly  this 
method  is  not  possible  under  ordinary  circum- 
stances; as  it  necessitates  two  analyzers  for 
every  one  in  the  room,  and  is  therefore  much 
too  costly  and  elaborate  for  practical  use. 
Another  method  that  has  been  attempted, 
Revolving      is  to  have  a  revolving  ray  wheel  in  front  of  the 
wheel.  f^y^Q  lanterns  so  that  first  one  and  then  the 

other  is  cut  off,  and  a  similar  contrivance  in 
front  of  each  of  the  spectators,  synchronized 
with  that  on  the  lantern,  so  that  each  eye 
shall  receive  only  the  image  intended  for 
it.  This  again  is  impracticable.  A  third 
method  is  to  project  two  pictures  on  to  the 
screen  side  by  side  and  to  use  a  prismatic 
apparatus  similar  to  an  ordinary  hand  stereo- 
scope. This  again  is  not  practicable  as  to 
view  the  pictures  the  audience  must  be  in  the 
centre  of  the  room.  Yet  another  modification 
is  one  in  which  two  differently  coloured  pictures 
are  thrown  upon  the  screen  and  the  spectators 
use  differently  coloured  spectacles,  but  this 
presents  similar  difficulties  and  the  exact 
arrangement  of  suitably  coloured  images  pre- 
vents any  general  adoption  of  the  plan. 

Lantern  Condensers  and  Objectives. 

Lantern  The  optical  portion  of  the  lantern,  whether 

condensers,    ^or  exhibition  purposes  or  bromide  work  con- 
sists of  the  condenser  and  the  objective. 

The  purpose  of  the  condenser  is  to  gather  as 
many  rays  of  light  as  possible  coming  from  the 
illuminant,  and  to  bend  them  so  as  to  pass 
through  the  slide  or  negative  on  the  way 
towards  the  objective. 
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If  no  condenser  we po  used  the  picture  on  the 
screen  would  only  be  the  size  of  the  portion 
that  is  actually  in  front  of  the  light  itself.  In 
figure  141,  L  is  the  illuminant,  S  the  slide,  and 
O  the  objective  or  lens.  When  no  condenser 
is  used  the  light  collectod  by  the  objective  or 
projecting  lens  after  having  passed  through 
the  slide  is  contained  within  the  two  lines 
indicated.  If  a  condenser  C  is  placed  in  the 
path  of  the  rays  proceeding  fron-  L,  those  rays 
of  light  contained  within  the  dotted  lines  are 
received  by  the  objective  and  passed  on  to  the 
screen.  They  include  rays  comnig  from  every 
portion  of  the  slide,  so  that  the  slide  will  be 
completely  projected  on  to  the  screen  and  not 
only  one  small  portion. 

The  intensity  of  the  illumination  is  depend- 
ent upon  the  amount  of  light  the  condenser 
first  collects  and  then  converges  into  the 
objective  ;  the  usual  arrangement  is  illustrated 
in  figure  142  (a).  A  pair  of  piano  convex  lenses 
c       s  o 


Function 
of  the 
condenser. 


Intensity  of 
illumination 


Figure  141. 


a 

having  a  combined  focus  of  about  2|  inches 
will  receive  an  angle  of  about  80"^.  The  addi- 
tion of  a  third  lens  of  a  meniscus  form  between 
the  light  and  the  condenser,  to  catch  a  rather 
larger  angle  of  light,  by  refracting  the  rays 
that  would  pass  beyond  the  original  condenser, 
will  increase  the  angle  to  90^  (figure  142b),  for 
the  additional  lens  of  necessity  shortens  the 
focus  of  the  system  and  thus  allows  the  light 
to  be  placed  nearer  to  the  condenser.  Other 
and  still  more  complicated  forms  of  condensers 
have  been  devised  to   throw  the   light  more 
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Function 
of  the 
condenser. 


accurately  towards  and  into  the  objective — the 
forms  that  are  illustrated  being  but  partially 
corrected  for  spherical  aberration.  The 
expense  of  the  more  complicated  forms  is  so 
great,  that  their  use  has  not  become  by  any 
means  general. 

The  function  of  the  condenser  is  not  the 
same  as  that  of  a  photographic  lens,  it  has  not 
to  produce  an  image  of  an  object,  its  function 
being  to  collect  as  much  light  as  possible  from 
the  source  of  illumination  and  to  distribute  it 
evenly  over  the  negative  or  slide,  and  then  to 
converge  it — the  whole  if  possible  — into  the 
objective  or  lens.  If  the  place  of  the  condenser 
were  taken  by  a  ground-glass  plate  this  would, 
by  its  scattering  power,  distribute  the  light 
evenly  over  the  slide,  but  would  not  collect 
additional  light  from  the  illuminant,  and  so  far 
from  converging  it  down  to  and  into  the  lantern 
objective,  it  would  scatter  the  light  in  all  direc- 
tions. '  To  illuminate  the  whole  slide  the  light 
would  have  to  be  as  large  as  the  slide  itself. 

A  condenser  is  a  lens  and  has,  therefore,  two 
conjugate  foci  which  play  an  important  part  in 


Figure  143. 


enlarging  work.  Suppose,  for  instance,  that 
the  lantern  is  arranged  as  in  figure  143  with 
the  light  at  L  (F  is  the  first  conjugate  point), 
the  second  conjugate  point  is  at  F'  ;  the 
condensers,  objective  must  be  placed  at  this  point  to 
receive  the  light  converging  through  the  slide 
towards  it.  The  condenser  must  be  so  con- 
structed and  adjusted  that  the  conjugate  focal 
point  F'  falls  approximately  in  the  centre  of 
the  projecting  lens,  when  this  is  focussed  to 
give  a  sharp  image  on  the  screen  in  use.  If 


Conjugate 
foci  of 
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by  bad  adjustment  of  the  light  the  point  F'  is 
in  front  of  the  lens,  because  the  latter  is  in  the 
position  indicated  by  the  dotted  lines,  a  portion 
only  of  the  light  will  pass  through  the  lantern 
lens,  and  the  rest  will  be  wasted.  Again,  if  the 
objective  be  of  short  focus,  and  in  consequence 
be  in  the  position  indicated  by  the  dotted  lines, 
the  condenser  will  have  to  be  moved  back- 
wards till  the  second  conjugate  focal  point  lies 
HI  the  centre  of  the  lens. 

It  is  essential  for  good  illumination  that  the 
light,  its  conjugate  point  and  the  objective  be 
in  one  and  the  same  straight  line,  or  the  illu- 
mination will  be  uneven,  a  dark  crescent 
appearing  on  the  screen.  The  diagrams  just 
.^iven  assume  that  the  condenser  is  so  well 

o 

corrected  that  all  the  light  emanating  from  L 
is  condensed  completely  to  a  perfect  point  at 
F'.  This  is  not  strictly  true,  the  commercial 
lantern  condenser  is  but  partially  corrected, 
and  if  the  light  comes  from,  a  perfect  point 
it  will  not  be  condensed  to  a  correspond- 
ing one,  but  to  a  disc  an  inch  or  so  in 
diameter.  When  the  illuminant  is,  for  instance, 
limelight,  the  area  from  which  the  light 
comes  is  not  a  point,  but  is  at  least  the  size  of 
a  sixpence,  so  that  the  circle  to  which  the 
light  is  condensed  will  be  larger  still,  as  indi- 
cated in  figure  144.    An  objective  to  receive 


Effect  of 
conjugate 
foci  in  the 
illumination 
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screen. 


Effect  of 
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corrected 
condensers. 


Figure  144. 


all  this  light  must,  therefore,  be  of  a  large  size, 
'which  would  not  be  necessary  if  the  correc- 
tions of  the  condenser  were  better.    Hence  Effect  of  the 
a  portrait  lens  with  a  diameter  of  some  1|-  size  of  the 
to  3   inches  is  used,  not  because  its  optical  objective, 
properties  are  such  as  to  warrant  its  choice, 
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but  because  of  its  size  ^  in  fact,  portrait  lenses 
have  often  such  curvec*  fields  that  they  do  not 
cover  a  lantern  slide  (3^x31-)  sufficiently  well, 
to  throw  a  sharp  picture  on  the  screen. 

This  question  of  size  raises  an  interesting 
point — provided  the  lens  has  an  aperture  of 
about  2  inches,  extra  rapidity  is  of  no  advan- 
tage   with    any   reasonably  good  condenser. 
Thus,  although  a  6-inch  lens  requires  an  aper- 
Thc  biplanat  ture  of  f/3,  a  12-inch  lens  at  f/6  would  allow  the 
as  a  pro-       same  amount  of  light  to  pass.    If  one  is  con- 
nection lens.    |-(3j^|-  ^  long  focus  Icns,  say  a  9-inch,  a 
lens  of  the  type  of  the  Biplanat  can  be  advan- 
tageously used  in  place  of  the  usual  Petzval 
form,  as,  for  the  reason  just  given,  a  Biplanat 
is  large  enough  to  receive  all  the  light  that  is 
required. 
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Brief  Summary  of  the  Chief  Points  in 
Section  vn. 

A  telephoto  lens  consists  of  an  ordinary  photographic  lens 
combined  with  a  telephoto  attachment  or  special  negative 
lens. 

It  is  a  long  focus  lens,  requiring  only  a  short  camera  extension. 

It  possesses  an  adjustment  for  altering  the  focus  at  will,  and 
consequently  forms  a  series  of  different  long  focus  lenses. 

It  gives  pictures  of  an  object  on  a  larger  scale  than  an 
ordinary  lens,  and  the  amount  of  magnification  is  variable. 

The  magnification  is  directly  dependent  on  the  focus,  and  is 
ascertained  by  reference  to  an  engraved  scale  on  the 
mounting. 

The  angle  of  view  included  in  the  total  field  for  a  given  tele- 
photo lens  is  always  constant  and  is  about  12^'. 

The  equality  of  illumination  is  slightly  improved  by  stopping 
down  the  positive. 

The  depth  of  focus  is  slight,  but  as  in  an  ordinary  lens,  is 
increased  by  stopping  down  the  positive. 

The  requisite  exposure  is  calculated  by  multiplying  that 
required  for  the  positive  alone,  by  the  square  of  the 
magnification. 

The  aperture  or  rapidity  of  a  telephoto  lens  is  ascertained  by 
multiplying  the  aperture  of  the  positive  by  the  magnification. 

The  telephoto  lens  should  not  be  used  at  an  aperture  less  than 
f/72,  because  of  the  loss  of  definition,  by  diffraction. 

The  positive  m.ust  have  rapidity  and  equality  of  illumination 
giving  no  distortion,  and  be  free  from  astigmatism  and 
spherical  aberration,  as  the  negative  element  increases  all 
errors  present  in  the  positive  in  proportion  to  the  magnifi- 
cation used. 

Use  the  lowest  magnification  that  gives  the  required  result. 

The  required  camera  extension  can  be  found  by  the  formulae 
given  in  Appendix  1.  (Telephotography). 

The  diameter  of  the  circle  of  illumination  with  different 
negative  elemients  can  be  found  in  Appendix  II.  (Tele- 
photography). 

Magnifiers  alter  the  focus  of  the  lens  they  are  added  to,  and 
so  allow  objects  at  nearer  distances  than  can  be  taken  with 
the  lens  alone,  to  be  sharply  depicted,  even  m  a  fixed  focus 
camera. 
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(17)  To  photograph  objects  at  a  distance  of  20  feet  sharp,  a  20-ft. 

focus  magnifier  must  be  added. 

(18)  If  the  supplementary  lens  is  a  negative,  it  increases  the  focus 

of  the  original  lens. 

(19)  Magnifiers   are   optical   accessories,  and  should  be  treated 

as  such. 

(20)  Magnifiers,  when  used  for  focussing  on  box  model  fixed  focus 

cameras,  do  not  alter  the  actual  aperture  of  the  lens. 

(21)  A  table  of  distances  is  given,  at  which  objects  must  be  placed 

to  get  results  of  a  given  size. 

(22)  Kinematograph  lenses  are  of  short  focus,  and  must  give  the 

very  finest  definition  at  full  aperture. 

(23)  A  pair  of  stereoscopic  lenses  must  have  identically  the  same 

equivalent  focus. 

(24)  The  distance  apart  of  the  lenses  affects  the  stereoscopic  effect, 

the  further  apart  the  greater  the  apparent  solidity. 

(25)  Several  methods  of  projecting  stereoscopic  pictures  on  the 

screen  are  given,  none  of  them,  are  practical. 

(26)  Projection  requires  the  employment  of  two  optical  systems, 

the  one  a  collecting  and  converging  system,  the  condenser. 

(27)  The  other,  the  projecting  system,  the  lantern  objective. 

(28)  The  more  light  the  condenser  collects  the  more  brilliant  the 

image  on  the  screen. 

(29)  Any  mark  on  the  condenser  will  appear  on  the  screen. 

(30)  The  light  must  be  brought  to  a  point  by  the  condenser,  and 

this  point  must  be  in  the  centre  of  the  lantern  lens. 

(31)  This  point,  in  a  commercial  condenser,  is  usually  about  two 

inches  across,  because  the  condenser  is  but  partially 
corrected. 

(32)  The  objective  or  projection  lens  must  be  able  to  collect  the 

whole  of  this  light  if  the  illumination  is  to  be  good. 

(33)  The  rapidity  of  the  objective  is  of  no  importance,  it  being  the 

size  or  diameter  that  matters;  thus,  a  16-inch  lens  at  f/8 
will  pass  as  much  light  as  an  8-ineh  lens  at  f/4,  and  there- 
fore be  as  rapid  for  this  work. 
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APPENDIX.  I. 

A  Simple  Explanation  of  the  Properties  of 
THE  ''Equivalent  Planes."- 

This  term  has  been  used  in  several  places  in  this  book,  and  as 
the  explanation  is  not  usually  met  with  in  popular  treatises,  its 
discussion  will  be  attempted. 

These  planes  are  known  under  several  names — "  Gauss  planes,'" 
after  their  discoverer,  principal  planes  and  nodal  planes.  Photo- 
graphers know  them  chiefly  from  the  fact  that  they  occupy  the 
position  from  which  the  true  equivalent  focus  is  measured. 

Their  existence  pre-supposes  the  assumption  that  a  lens  is  so 
well  corrected  that  all  the  rays  of  light  are  influenced  by  the  lens 
in  the  same  manner.  That  is  to  say,  the  light  passing  through  the 
margins  of  the  lens  is  refracted  in  the  same  manner  as  that  which 
passes  through  the  centre  ;  that  oblique  bundles  of  light  are  accu- 
rately corrected  for  the  various  errors,  etc. 

Strictly  speaking,  the  properties  possessed  by  these  planes  are 
only  accurate  for  the  rays  passing  through  the  exact  centre  of  an 
uncorrected  lens,  but  as  all  good  photographic  lenses  are  approxi- 
mately free  from  aberration  ;  the  properties  of  these  planes  can 
apply  to  these, good  lenses. 

By  means  of  the  equivalent  planes,  a  well-corrected  compound 
lens,  no  matter  of  how  many  individual  lenses  it  may  be  composed, 
can  be  treated  of  in  the  same  simple  manner  as  an  infinitely  thin 
lens.  The  problems  that  the  photographer  is  likely  to  m.eet  can  be 
simply  solved  by  their  use  — such  as  the  relative  image  sizes  pro- 
duced by  lenses  of  different  focus,  the  combination  of  one  lens 
with  another  as  in  the  telephoto  attachment,  or  the  addition  of 
supplementary  lenses  as  exemplified  by  the  Frena  system  of  magni- 
fiers ;  and  although  it  is  beyond  the  scope  of  this  book  to  thoroughly 
elaborate  their  mathematical  use,  an  explanation  of  their  properties 
may  render  easy  the  better  understanding  of  lens  problems. 

Properties  of  a  Thin  Lens. 

Let  figure  145  be  a  thin  lens,  so  thin  that  its  surfaces  may  be 
considered  to  coincide  with  the  line  AB.  It  is  also  supposed  to  be 
free  from  all  aberration.  Let  FF'  be  its  foci  or  the  points  to  which 
a  bundle  of  parallel  light  is  brought  to  a  point  on  the  two  different 


The  term  "Equivalent  Planes"  is  used  to  denote  the  nodal  and  principal  planes  when 
they  are  superimposed  and  form  a  combined  pair,  which  is  always  the  eas3  when  the  outer 
medium  on  both  sides  of  the  lens  system  is  air. 
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sides  of  the  lens.  The  actual  positions  of  these  focal  points  may 
be  calculated  from  the  curves  of  the  lens  and  the  refractive  index 
ol'  the  glass  from  the  following  equation. 


Where  0  =  focus  of  the  lens. 

,,     fjL  =  refractive  index  of  the  glass, 
r  =  first  radius  of  curvature.* 
r' =  second  radius  of  curvature.* 

The  focus  may  be  taken  experimentally  by  measuring  the 
distance  of  the  focal  plane  or  point  from  the  lens,  when  considering 
a  distant  object,  such  as  the  sun. 

Conjugate  Foci. —  If  the  light  from  a  point  C  is  focussed  to  a 
point  D,  the  points  C  and  D  are  called  the  conjugate  foci,  and  if  the 
lens  produces  a  picture  of  an  object  EK  in  the  plane  GH,  the  planes 
EK  and  GH  (figure  145)  are  called  the  "  conjugate  planes." 

To  find  the  position  of  these  conjugate  points  or  planes  is 
simple  with  a  lens  whose  focus  is  known.  The  graphic  method  is 
as  follows. 

Let  an  object,  say  EK,  be  selected  in  the  position  shown  in  the 
figure.  [The  following  method,  however,  will  apply  equally  well  to 
an  object  placed  in  any  position]  :  From  the  point  E  on  the  object 
EK  draw  a  straight  line  through  the  focus  F,  this  ray  will  emerge 
as  BH,  because  all  the  rays  of  light  that  pass  through  the  point  F 
will  emerge  from  the  lens  parallel  to  the  axis.  Now  from  E  draw 
a  line  parallel  to  the  axis  of  the  lens,  and  this  will  emerge  from  the 
lens  to  the  second  focus  F',  and 'pass  through  this  point  to  H, 
consequently  H  will  be  the  position  where  rays  from  E  will  be 
focussed  to  a  point,  and  H  will  be  the  conjugate  point  to  E. 

Another  property  of  a  thin  lens  might  have  been  used  to  find 
this  point  -a  ray  of  light  which  passes  through  the  centre  of  a  thin 
lens  will  not  be  bent  during  the  process  and,  therefore,  if  only  one 
of  the  previous  rays  had  been  drawn,  and  a  straight  line  EX  had 
been  produced  through  the  centre  of  the  lens,  the  point  H  could 
have  been  found. 

By  this  means  the  distance  apart,  of  any  object  and  its  image, 
formed  by  a  thin  lens  of  a  given  focus  can  be  found,  and  also  the 
relative  size  of  the  image  and  object. 

By  simple  geometry  the  distance  of  the  two  conjugate  foci  and 
the  size  of  their  images  can  be  deduced  from  this  di.agram. 


'■^  If  the  centre  of  curvature  is  to  the  left  of  the  lens,  the  radius  of  curvature  has  a 
minus  (—)  sign,  if  to  the  I'ight  a  plus  (  +  )  sign. 
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The  formulae  are  as  follows,  their  proof  from  figure  145  will 
be  readily  appreciated  by  those  who  are  familiar  with  mathematical 
methods. 

1  1 


(1) 
(2) 


Where  0 

y 

M  y' 


X 
X 


(3)     ^  =  1  + 
X'    '  '    y'  cp  cp 

the  focus  of  the  lens. 

the  distance  (CX)  of  the  object  from  the  lens.* 
the  distance  (XD)  of  its  image  from  the  lens.* 
the  half  size  of  the  object  (CE).i 
the  half  size  of  its  image  (DH).t 

When  two  lenses  of  known  focus  are  combined  the  focus  of  the 
pair  may  be  obtained  as  follows. 


Figure  146. 

In  figure  146  let  AXB  and  CYD  be  the  two  lenses  with  foci  at 
FjF\  and  F2F'2  respectively.  It  is  now  necessary  to  know  the 
focus  for  parallel  light  through  the  combined  pair.  Draw  the  line 
EA  parallel  to  the  axis,  and  this  will  emerge  from  the  lens  A  through 
its  focus  F\,  in  the  direction  AF\,  H.  From  the  point  K,  where 
this  line  cuts  the  focal  plane  F2  of  the  second  lens^draw  a  straight 
line  parallel  to  the  axis  (  KC),  this  will  emerge  from  the  second  lens 
through  its  focus  at  F'o  and  pass  as  KYJ. 

Draw  a  line  (KJ)  through  the  point  K  and  through  the  centre 
of  the  lens  CD;  this  represents  a  ray  of  light  that  passes  through 
without  refraction,  and  where  this  ray  KJ  cuts  the  former  ray 
YJ,  namely,  at  the  point  J,  will  be  the  conjugate  focus  of  the 
point  K,  consequently  the  ray  KD  will  after  emergence  pass 
through  it.  Therefore  D J  F  is  the  ray  that  corresponds  to  an 
incident  parallel  ray  EA  after  passing  through  both  lenses,  and  the 
point  F,  where  it  meets  the  axis,  is  the  focal  point  of  the  combined 
pair  of  thin  lenses. 

The  following  is  the  formula  which  may  be  deduced  from  the 
foregoing  diagram  : — 

(4)        =   '^i  '^■^ 

Where  0    =  is  the  focus  of  the  combined  lens. 
=  is  the  focus  of  the  first  lens. 
,,      (pr,  =  is  the  focus  of  the  second  lens. 

A  =  is  the  distance  between  the  two  lenses. 


The  distances^  and  x  are  considered  plus  (  +  )  if  they  ara  en  the  right-hand  side  of 

if  they  are  above  the  axis;  minus 


t'-.c  !cns;   minus  (--)  if  they  are  upon  the  left. 

'  T  he  distances  j  and  y  are  considered  plus  ( -f 
(  — )  if  they  are  bciow  the  axis. 
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By  the  aid  of  the  foregoing  formulas  most  of  the  simple  problems 
connected  with  the  size  and  position  of  images  formed  by  lenses 
may  be  worked  out  either  algebraically  or  by  the  drawing  board, 
but  with  lenses  infinitely  thin  and  without  aberration,  errors  are 
not  met  with  except  in  theory. 

It  was,  however,  discovered  by  Gauss  that  by  means  of  a  system 
of  what  are  called  the  equivalent  planes,  all  these  simple  formulse 
could  be  applied,  without  alteration,  to  lenses,  however  complicated, 
provided  they  are  approximately  free  from  aberration.    Let  figure 


147  represent  a  complicated  series  of  lenses,  with  focal  points  at 
F  and  F'.  It  was  found  by  Gauss  that  there  were  two  planes  in 
certain  positions  E  and  E'  which  possess  peculiar  properties. 

Suppose  an  infinitely  thin  lens  with  a  focus  of  F'E'  be  placed  in 
the  plane  EE'E"  to  receive  the  light,  and  that  before  the  light  has 
time  to  pass  through,  the  lens  was  rapidly  shifted  along  to  the 
positions  E  •  E',  E"  and  that  from  this  position  the  light  emerges  from 
it  under  the  same  laws  as  that  for  the  thin  lens,  the  whole  of  the 
properties  of  the  complicated  lens  system  can  be  explained  by  this 
so-called  equivalent  lens,  which  is  made  to  be  in  one  equivalent 
plane  to  receive  the  light  and  to  immediately  jump  to  the  other  to 
usher  it  out.  The  front  equivalent  plane  is,  as  it  were,  the  front 
door  of  the  unknown  lens  systemx ;  no  notice  is  taken  of  what 
happens  inside,  but  the  second  equivalent  plane  or  back  door  is 
steadily  watched  to  examine  the  issuing  or  emergent  light. 

In  this  way,  the  most  complicated  lens  obeys  the  same  simple 
laws  as  the  thin  lens.  The  nature  of  the  compound  lens  determines 
the  positions  of  the  planes  EE'E"  and  E^E'^E';,but  their  position 
having  once  been  found,  no  further  account  need  be  taken  of  the 
form  of  the  lens  itself. 

From  the  definition  of  these  planes  it  v/ill  be  evident  what  are 
their  special  properties. 

In  a  thin  lens  (figure  148)  the  .line  to  the  centre  of  the  lens  passes 
straight  through  without  refraction,  but  if  the  lens  has  to  be  at  E 
to  receive  the  light,  and  at  E'  to  discharge  it,  the  ray  will  now  not 
pass  straight  through,  but  only  emerge  in  a  direction  parallel. 


Figure  147. 


Figure  148. 


Figure  149. 


Therefore,  the  points  where  the  planes  cut  the  axis  have  the 
property  that  rays  of  light  that  enter  towards  one  point,  emerge 
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from  the  other  in  a  parallel  direction.  In  a  thin  lens  (figure  149)  a 
ray  of  light  which  falls  upon  the  lens  at  the  point  B  has  its 
direction  altered  according  to  the  focal  power  of  the  lens,  but 
emerges  from  the  same  point  B.  But  if  the  lens  is  at  E  to  receive 
the  light  and  has  to  jump  to  E'  to  allow  the  light  to  emerge,  then 
the  ray  that  arrives  at  B  will  emerge  from  B',  and  B  and  B'  are  the 
same  distance  from  the  axis. 

Thus  any  ray  of  light  that  enters  the  lens  in  a  direction  towards 
a  point  on  the  first  equivalent  plane,  emerges  from  the  lens  as  if  it 
came  from  a  point  at  an  equal  distance  from  the  axis  on  the  second 
equivalent  plane. 

Any  corrected  lens  may  therefore  be  replaced  for  theoretical 
purposes,  by  a  so-called  equivalent  lens,  which  has  the  power  of 
jumping  from  one  plane  to  the  other  to  receive  and  discharge  the 
light. 

Having  ascertained  the  position  of  the  equivalent  planes  and  the 
equivalent  focus  of  the  lens — the  actual  construction  of  the  glasses 
can  be  dismissed  entirely, — work  will  be  continued  as  though  the 
lens  consisted  of  two  lines  with  a  single  thin  lens  of  the  correct 
focus,  jumping  from  one  position  to  the  other. 

The  formulae  and  methods  used  with  a  single  lens  can  be  adopted 
without  change  as  follows  : — 


(2) 


1 

1  _  1 

X 

y  _ 

X 

y 

x' 

(3)  = 

(4)  cp  ^ 


1  + 


0 

0,  0,. 


'1  +  0.. 


In  this  case  %  =^  ^^e  distance  between  the  object  and  the  first 
equivalent  plane. 

x'  =  the  distance  between  the  image  and  the  second  equivalent 
plane. 

All  the  other  symbols  represent  the  same  distances  except  that 
the  focus      and  ^.^  are  now  measured  from  the  equivalent  planes. 


Figure  150. 

The  geometrical  system  is  also  the  same  except  that  the  planes 
are  used  instead  of  the  centre  of  the  lens,  as  follows  :-- 

The  ray,  which  in  the  first  example  passed  through  the  centre 
now  proceeds  to  the  point  E'  (figure  1 50),  and  emerges  from  the 
point  E'  parallel  to  its  original  direction,  the  space  between  EE'  is, 
as  it  were,  wasted,  but  in  other  respects  the  diagram  is  the  same 
as  145. 

The  position  of  the  equivalent  planes  is  dependent  upon  the 
construction  of  the  lens — in  some  cases  they  are  in  very  curious 
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places, — in  a  telephoto  lens  they  exist  a  long  way  in  front  of  the 
entire  system  ;  consequently  a  complete  lens  is  obtained  with  an 
equivalent  focus  of  perhaps  100",  while  itself  may  not  be  miore  than 
10"  from  the  plate. 

The  formulas  which  give  the  positions  of  these  Equivalent  planes 
for  a  combination  of  two  lenses  are  as  follows  : — 

E',E  =  

Where  EE'  are  the  first  and  second  equivalent  planes  of  the 
complete  system,  and  E^  and  cf)^  are  the  first  equivalent  plane  and 
the  focus  of  the  first  lens,  and  E'2  and  cf)^  the  second  equivalent 
plane  and  the  focus  of  the  second  lens  :  a  is  the  distance  between 
the  second  equivalent  plane  of  the  first  lens  and  the  first  equivalent 
plane  of  the  second  lens. 

The  signs  are  reckoned  as  before,  if  the  distance  Ej^E'  works  out 
as  a  minus  quantity  the  point  E  will  be  on  the  left-hand  side  of  the 
known  point  E,  or  if  the  sign  is  plus,  on  the  right. 
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APPENDIX  II. 

A  Description  of  a  Method  of  Testing 
Photographic  Lenses  in  Conjunction  with 
A  Lens  Testing  Bench. 

This  appendix  will  describe  a  method  of  lens  testing,  worked 
out  by  Messrs.  R.  &  J.  Beck,  Ltd.,  for  the  Photo-mechanical 
Department  of  the  Manchester  Technical  School,  together  with  the 
apparatus  which  was  specially  desig-ned  for  the  purpose. 

It  combines  a  number  of  well-known  methods,  but  uses  a 
microscopic  examination  of  the  aerial  image  formed  by  the  lens  for 
all  its  measurements. 


Fic'.  151. 

A  preliminary  description  of  the  testing  bench  will  make  the 
actual  processes  employed  more  readily  understood. 

The  apparatus,  fig.  151  and  plate  XLV.,  is  carried  on  a  table 
consisting  of  a  teak  wood  top,  measuring  60  inches  x  26  inches, 
with  cupboard  and  drav/er  for  containing  the  appliances,  and  a  rigid 
ipon  framework  running  on  four  castors.  At  the  side  of  each 
castor  is  a  screw  pillar  and  clamping  lock  nut,  which,  when  the  table 
is  in  position,  may  be  screwed  down  to  lift  the  table  off  its  castors, 
so  that  even  upon  an  uneven  floor  the  table  is  quite  rigid. 

Upon  the  surface  of  the  table  are  four  brass  sockets,  into 
which  fit  the  points  of  four  levelling  screws,  carrying  on  strong 
frames  a  steel  dovetailed-shape  bar  54  inches  long,  If  inches  wide, 
and  1^  inches  thick.  Upon  this  bar  slide  the  various  appliances  for 
holding  the  photographic  lens  and  for  examining  its  image,  etc. 
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1.  The  Lens  Holder  (B). — This  consists  of  a  series  of  screwed 
rings  fitting  into  each  other,  designed  to  screw  up  to  one  plane,  so 
that  any  lens  screwed  into  any  size  ring,  will  have  its  shoulder 
in  the  same  position  in  reference  to  the  lens  holder.  These  rings 
or  adapters  are  held  in  a  revolving  collar,  so  that  they  may  be 
rotated  to  test  the  centring  of  a  lens. 

The  lens  holder  (B)-  consists  of  an  upper  platform  (F)  carrying 
the  screwed  rings  to  hold  the  lenses,  which  may  be  moved  back- 
wards and  forwards  by  a  rack  and  pinion  (M)  upon  a  lower  platform 
(L).  This  lower  platform  (L)  is  affixed  by  means  of  a  strong 
circular  rotating  fitting  to  the  fitting  (B),  and  the  whole  lens  carrier 
slides  upon  the  bar  of  the  testing  bench.  Thus  the  upper  two  plat- 
forms (F)  and  (L),  and  the  lens  holder,  can  be  turned  upon  a 
vertical  axis  (E),  and  a  divided  scale  of  degrees  is  attached  to 
record  the  angle  of  rotation. 

The  main  bar  of  the  testing  bench  is  divided  along  its  length  into 
the  metric  scale  ,  and  the  upper  platform  (F)  is  provided  with  an 
index  which  reads  on  a  scale  on  the  platform  (L),  the  scale  is  so 
arranged,  that  when  the  index  is  set  at  (O),  the  surface  of  the  rings 
into  which  the  lenses  screw,  is  exactly  over  the  centre  (E)  of  the 
rotating  fitting  on  which  the  lens  holder  rotates. 

2.  The  Examining  Microscope. — A  24  in.  crossbar  of  aluminium 
(A)  slides  along  the  main  bar  of  the  testing  bench.  This  is 
generally  used  in  such  a  position  that  it  projects  12  in.  on  each  side 
of  the  bar,  but  it  has  an  extra  fitting  at  each  end,  so  that  for 
examining  very  large  lenses,  it  may  be  placed  upon  the  bar  so  that 
almost  the  whole  of  it  overhangs  on  one  side.  A  light  aluminium 
casting  slides  in  a  dovetailed  fitting  from  end  to  end  of  the  cross 
bar  (A),  and  its  position  to  the  right  or  left  of  the  centre  is  recorded 
on  a  divided  scale  with  a  vernier  and  line  screw  adjustment.  At 
right  angles  to  the  crossbar  (A)  upon  the  top  of  this  casting,  a  small 
table  (G)  racks  backwards  and  forwards  by  the  milled  head  (D),  and 
is  provided  with  a  scale  and  vernier.  On  this  table  is  a  centre,  to 
which  is  attached  a  frame  (I),  v/hich  carries  a  small  ground  glass, 
micrometer,  cross  wires  or  similar  appliances.  Behind  this  frame 
an  examining  microscope  (K)  or  low  power  eyepiece  is  placed,  with 
a  rack  and  pinion  focussing  adjustment  (C),  by  which  it  may  be 
accurately  focussed  upon  either  the  ground  glass  or  cross  wires. 
The  frame  is  so  placed  that  the  ground  glass  or  microm.eter  is 
accurately  in  the  axis  of  rotation  of  the  centre  (N),  and  the  micro- 
scope may  be  rotated  on  the  same  centre.  The  arrangement  is 
such,  that  the  ground  glass  may  remain  stationary,  while  the 
microscope  is  rotated,  or  that  the  two  may  be  rotated  together. 
The  divided  scale  on  the  table  is  so  placed  that,  when  the  vernier  is 
set  at  (O),  the  distance  of  the  centre  of  rotation  of  the  ground  glass, 
to  the  centre  of  rotation  of  the  lens  holder,  is  read  upon  the  scale 
of  the  main  bar  of  the  testing  bench.  The  microscope  (K)  consists 
of  a  frame,  to  one  end  of  which  an  object  glass  of  any  power  may  be 
attached  by  the  standard  Royal  Microscopical  Society  screw,  at 
the  reverse  end  an  eyepiece  is  placed.  Between  the  object  glass 
and  the  eyepiece  slides  a  fitting,  which  carries  a  triple  trough  fop 
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containing  a  series  of  monochromatic  solutions.  The  eyepiece  has 
cross  wires,  and  a  special  telescopic  object  glass  can  be  used  in  place 
of  the  microscopic  object  glass,  which  turns  the  microscope  into  a 
telescope  for  reading  diameters  at  a  distance.  A  small  camera  for 
one  inch  plates  fits  the  microscope  tube,  this  takes  microscopic 
photographs  of  the  aerial  images  produced  by  a  lens. 

The  Iris  Diaphragm  (P). — A  large  iris  diaphragm  with  a  divided 
scale,  representing  the  size  of  the  aperture  in  m.m.,  slides  on  the 
main  bar  of  the  testing  bench. 

A  J-plate  camera  with  an  extension  of  15  inches  also  slides  upon 
the  main  bar.  It  consists  of  a  frame  with  ground  glass  and  double 
dark  slide,  an  extending  bellows,  and  a  frame  to  carry  a  lens. 

The  Line  Screen-holder  (Q). — This  is  fitted  to  the  microscope 
table  so  that  the  effect  produced  by  diffraction  upon  the  image 
given  by  the  photographic  lens  may  be  examined  and  recorded,  A 
screw  adjustment  is  supplied  for  moving  the  screen  to  or  from  the 
ground-glass  screen  (I). 

The  Distortion  Bracket  (R). — This  is  a  bracket  which  slides  upon 
the  main  bar  carrying  the  lens  holder,  can  be  placed  in  a  plane 
at  right  angles,  so  that  the  axis  (E,  fig.  151)  is  horizontal  instead  of 
vertical.  The  lens  should  now  be  swung  on  its  nodal  plane,  and  the 
distant  straight  line  may  be  examined  by  following  its  image  with 
the  moving  microscope  table  along  the  crossbar  (A).  Each  piece 
of  apparatus  which  slides  along  the  main  bar  is  provided  with  a 
clamping  screw  and  plate.  The  rotating  platform  of  the  holder  is 
provided  with  a  series  of  holes  and  a  taper  bolt,  that  will  lock  it  in 
fos'tion  at  every  5  degrees.  The  rotating  centre  (N)  is  provided 
with  a  bolt  to  lock  the  centres  in  position  of  alignment. 

Lens  Testing. 

Before  commencing  lens  testing  proper,  certain  examinations 
should  be  made. 

1.  Number  of  external  reflecting  surfaces. — Their  curvature  and 
probable  influence  on  the  amount  of  light  which  they  prevent  from 
entering  the  camera  through  reflection  should  be  noted. 

2.  An  Examination  of  the  Lens  should  be  made  for  veins  and  striae. 
— This  may  be  done  by  holding  the  lens  between  a  light  and  the  eye 
at  about  the  distance  of  its  focus  from  the  latter,  so  that  its  whole 
area  appears  filled  with  light.  The  intensity  of  the  illumination 
may  then  be  increased  or  decreased,  and  by  moving  the  lens  about 
the  veins  or  striae  will  show  as  thread  or  feather-like  appearances. 

3.  An  Examination  of  the  surfaces  should  be  made  to  determine 
the  perfection  of  the  polishing.  It  is  best  done  by  pointing  the  lens 
towards  a  powerful  light,  so  that  direct  light  does  not  quite 
enter  the  eye—a  piece  of  black  velvet  should  be  placed  at  some 
distance  in  front  of  the  lens,  to  form  the  background,  against 
which  the  imperfections  in  the  polishing  may  be  seen. 

The  optical  constants  of  the  lens  should  now  be  obtained.  They 
consist  of — 

(1)  Equivalent  focus. 

(2)  Distance  of  the  equivalent  planes  from  the  shoulder  of 

the  lens  screw. 
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(3)   The  effective  aperture  of  the  various  diaphragms, 
(i)    The  diameter  of  the  maximum  circle  of  illumination. 
(5)   The  diameter  of  equal  illumination  (theoretical)  with  the 
various  diaphragms- 

The  determination  of  the  equivalent  focus  of  the  lens. — Three 
methods  v/ill  be  given. 

(1.)  The  equivalent  plane  method.  Set  the  crossbar  (A)  at  the 
division  6  m.m.  (the  ground-glass  holder  is  6  m.m.  behind  the  index) 
on  the  main  bar  of  the  testing  bench — set  the  microscope  table  so 
that  it  will  read  near  the  zero  line — focus  the  microscope  table 
upon  the  plate,  using  the  cross  wires  placed  in  the  ground-glass 
holder.   This  should  be  done  by  means  of  the  upper  rack  and  pinion 

(C)  which  moves  the  microscope  only.  The  plate  with  cross  wires 
may  now  be  removed  and  the  aerial  image  only  examined,  but  the 
focus  of  the  microscope  when  once  set  must  not  be  disturbed. 
Screw  the  photographic  lens  which  is  to  be  examined  into  the 
holder  ;  the  level  surface  of  the  screw  rings  being  away  from  the 
microscope.  Slide  the  lower  lens  holder  platform  (B)  backwards 
and  forwards  until  the  image  of  a  distant  object  is  about  in  focus 
when  viewed  through  the  microscope;  then  carefully  set  the  lens 
holder  to  the  nearest  division  on  the  main  bar.  Focus  the  image 
of  a  distant  object  by  means  of  the  rack  and  pinion  (D)  which 
moves  the  microscope  table,  and  observe  whether  the  image  moves 
when  the  upper  lens  holder  platform  (F)  is  rotated  on  its  fitting 
(E);  if  it  does,  rack  the  upper  portion  of  the  platform  of  the  lens 
holder  forwards  and  backwards,  until  a  position  is  found  at  which 
the  rotation  of  the  lens  leaves  the  image  viewed  through  the 
microscope  perfectly  stationary. 

The  microscope  eyepiece  is  provided  with  cross  wires  by  which 
any  movement  can  be  immediately  detected.  The  simplest  method 
is  as  follows: — Place  the  central  platform  (F),  so  that  it  is  in 
adjustment  with  the  main  bar,  and  bring  an  object  upon  the  cross 
wires  of  the  microscope  by  shifting  the  whole  table  or  the  object. 
Then  swing  the  upper  platform  say  10"^.  If  the  lens  is  not 
adjusted  the  object  will  no  longer  be  on  the  cross  wires — rack  the 
lens  holder  backwards  or  forwards  till  the  object  is  again  on  the  cross 
wires  when  it  has  been  refocussed  by  the  microscope  table  adjustment 

(D)  ;   it  will  be  found  to  be  at  the  position  of  stationary  rotation. 
The  back  equivalent  plane  is  nov/  over  the  centre  of  rotation  (E) 

of  the  lens  holder,  and  its  distance  from  the  screw  shoulder  of  the 
lens  is  given  by  reading  the  scale  (F)  on  the  upper  platform  (figure 
151)  of  the  lens-holder. 

The  equivalent  focus  of  the  lens  is  given  (a  distant  object  having 
been  accurately  focussed  by  the  milled  head  D),  by  taking  the 
reading  on  the  main  bar  of  the  testing  bench,  and  adding  or 
deducting  the  reading  on  the  scale  (F)  of  the  microscope  table  (G). 
If  this  be  on  the  plus  side  of  zero  it  must  be  added,  or  upon  the 
minus  side  it  must  be  deducted.  Note. — If  the  lens  possesses 
"distortion,"  when  the  position  is  found  at  which  a  small  rotation 
will  not  move  the  image,  rotation  through  a  large  angle  will 
produce  a  slight  deflection.  In  this  ease  the  lens  should  only  be 
rotated  through  a  small  angle. 
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(II.)  The  Ma^'nifying  Povver  Method. — If  two  objects  can  bs 
erected  at  a  sufficient  distance  from  the  apparatus  to  rank  as 
distant  objects  say  100  times  the  focus  of  the  longest  lens  to  be 
tested  (about  100  yards),  and  if  the  distances  of  these  objects  can 
be  determined,  the  method  is  one  of  the  simplest  and  most  accurate 
that  can  be  adopted.  Suppose  two  objects  or  marks  be  placed  in  a 
plane  100  yards  from,  and  at  right  angles  to  the  axis  of  the  lens, 
and  if  the  distances  between  the  two  objects  be  a  definite  ratio  to 
their  distance  away,  the  focus  can  be  instantly  taken  as  follows  : — 
Suppose  the  objects  are  50  yards  apart,  that  is,  one  half  of  the 
distance  away,  the  images  of  these  objects  will  be  half  the  equiva- 
lent focus  of  the  lens  from  each  other. 

To  m.easure  the  focus,  the  lens  must  be  focussed  for  100 
yards  ;  the  microscope  table  (H)  should  now  be  run  laterally,  to 
the  right,  along  the  crossbars,  till  one  of  the  objects  is  on  the 
cross  wires  of  the  microscope  ;  note  the  reading  on  the  crossbar 
scale,  then  run  the  microscope  table  (H)  to  the  left,  until  the  other 
object  is  on  the  cross  wires,  and  the  distance  between  the  two 
positions  of  the  microscope  table  read  on  the  scale  of  the  crossbar 
(A)  gives  half  the  equivalent  focus. 

If  the  objects  can  be  permanently  erected,  the  focus  of  a  lens 
can  be  taken  at  any  time  in  a  few  seconds.  If  the  object  had  been 
25  yards  apart,  instead  of  50,  the  reading  would  have  been  a 
quarter  the  equivalent  focus  of  the  lens.  The  only  objection  to 
this  method  is  that  its  accuracy  depends  upon  the  absence  of 
distortion,  and  is  not  suitable  for  single  view  or  uncorrected  single 
lenses. 

Where  it  is  only  possible  to  erect  the  objects  at  a  moderate 
distance  from  the  lens,  say  25  feet,  a  true  result  may  be  obtained 
by  a  correction  made  as  follows  :— Divide  the  distance  of  the  object 
from  the  lens  by  the  focus  given  through  the  above  method,  deduct 
one  from  this  result,  and  divide  it  into  the  focus,  deduct  the  result 
obtained  from  the  focus  given,  and  this  will  be  the  true  equivalent 
focus,  to  a  very  close  approximation.  For  example  :  Suppose  a 
lens  gives  a  focus  of  10  inches  for  the  object  placed  at  25  feet — 25 
feet  (300  inches)  divided  by  10  inches  is  30,  deducting  1  leaves  29 — 
29  divided  into  10  inches  gives  "345  inches,  which  deducted  from  10 
inches  gives  the  true  equivalent  focus  of  9*655  inches.  This  result 
is  accurate  to  about  i  per  cent.,  and  if  the  distance  had  been  50  feet 
instead  of  25,  would  have  been  practically  exact.* 

This  correction  may  be  algebraically  written  thus: — 
d  =  distance  of  objects  from  lens. 
X  =  focus  obtained  by  method  (B). 
f  =  true  equivalent  focus. 


*  A  modification  of  this  method  can  be  employed  in  connection  with  a  collimator; 
if  a  disc  with  two  small  apertures  be  placed  in  the  exact  focus  of  the  object  glass  of  the 
collimator,  and  if  these  holes  ara  an  exact  fraction  of  the  focus  of  the  object  glass  of  the 
collimator,  the  distance  apart  of  their  images  will  be  the  same  fraction  of  the  equivalent 
focus  of  the  lens  being  tested.  Considerable  accuracy  is  required  with  adjustments  when 
employing  this  method,  but  it  is  useful  for  telephoto  lenses  v/hich  include  only  a  small 
an;;[le  of  vidw. 
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(III.)  The  Symmetrical  Image  Method. — Place  in  the  ground-glass 

holder  a  plate  with  fine  wires  stretched  across  it  or  a  glass  disc 
with  a  design  or  series  of  square  rules  upon  it.  Place  upon  a 
holder  at  the  other  end  of  the  testing  bench  and  beyond  the  lens 
an  exactly  similar  disc  with  the  same  design.  Then  shift  the 
position  of  the  lens  and  screen  until  the  image  of  the  one  screen  is 
focussed  upon  that  viewed  by  the  microscopic,  and  is  of  exactly  the 
same  size.  To  obtain  this  result  the  two  screens  have  to  be  at 
equal  distances  from  the  lens.  Having  found  the  correct  position, 
note  the  reading  of  the  cross-bar  (A)  upon  the  main  bar,  and  remove 
the  screen  which  is  beyond  the  lens,  and  without  moving  the  lens 
move  the  crossbar  towards  it  until  a  distant  object  is  in  exact 
focus;  the  amount  moved  is  the  equivalent  focus  of  the  lens.  The 
length  of  the  apparatus  allows  of  the  use  of  this  third  method  for 
lenses  up  to  about  twelve  inches  focus  ;  by  the  two  other  means 
lenses  up  to  40  inches  focus  may  be  measured. 

2.  To  determine  the  Position  of  the  Equivalent  Planes. — If  the 
position  be  found  at  which  the  lens  can  be  rotated  while  the  image 
of  an  object  in  focus  remains  stationary,  as  explained  in  the  first 
method  of  taking  the  equivalent  focus,  the  scale  (F)  on  the  upper 
platform  of  the  lens  carrier  gives  the  distance  of  the  back  equiva- 
lent plane  from  the  shoulder  of  the  lens  screw.  The  front 
equivalent  plane  may  in  like  manner  be  obtained  by  removing  the 
whole  lens  carrier  with  lens  attached  and  placing  it  on  the  bar  in  a 
reversed  position  and  making  the  adjustment  again. 

3.  To  determine  the  Effective  Aperture  of  the  Diaphragm. — It  is 
assumed  that  the  equivalent  focus  of  the  lens  has  already  been 
determined  by  one  of  the  methods  given.  It  is  now  necessary  to 
measure  the  diameter  of  the  bundles  of  incident  light  admitted  by 
the  diaphragms.  In  the  case  of  lenses  which  have  their  stop  in 
front  of  the  lenses,  it  is  only  necessary  to  measure  the  diameter  of 
such  stops,  as  it  is  these  stops  which  define  the  size  of  the  incident 
bundles  of  light.  These  diameters  divided  into  the  equivalent  focus 
of  the  lens,  give  the  focal  aperture  of  the  lens.  Thus  a  12-inch 
focus  lens  provided  with  a  stop  in  front  of  it,  with  an  aperture  of 
IJ  inches,  will  have  a  focal  aperture  of  f/8. 

To  measure  the  effective  aperture  of  a  diaphragm  which  is 
behind  any  of  the  lenses,  focus  the  lens  for  a  distant  object.  Then 
insert  in  place  of  the  ground-glass  in  the  ground-glass  frame  (I),  a 
plate  with  a  small  aperture.  Swing  the  microscope  (K)  to  one  side, 
and  place  a  gas  jet  or  other  source  of  illumination  behind  the 
aperture.  Now  upon  the  further  side  of  the  lens,  and  as  close  to 
it  as  may  be  convenient,  place  the  Iris  diaphragm  (P),  wide  open, 
with  the  plate  of  ground  glass  supplied  for  the  purpose  clipped  on 
to  its  face.  An  illuminated  disc  will  appear  upon  the  ground 
glass,  which  corresponds  to  the  size  of  the  bundle  of  parallel  light, 
which  would,  under  normal  circumstances,  pass  into  the  lens  to 
form  an  image  of  a  point  in  its  focal  plane.  The  iris  diaphragm 
may  be  now  closed  down  till  it  just  includes  the  illuminated  disc, 
and  the  diameter  read  upon  the  scale  attached.  This  diameter 
divided  into  the  equivalent  focus,  gives  the  focal  aperture  of  the 
diaphragm. 
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If  it  is  required  to  obtain  the  focal  aperture  of  a  lens  for  copying 
at  close  quarters,  the  same  plan  is  adopted,  except  that  the  lens  is 
first  focussed  for  the  distance  at  which  the  object  is  placed — 
the  measurement  of  the  illuminated  disc  must  be  made  on  the  front 
surface  of  the  lens  with  calipers,  a  tissue  paper  screen  having 
been  placed  upon  the  front  of  lens.  The  diameter  of  this  circle 
may  also  be  read  by  using  a  telescope  objective  screwed  into  the 
microscope  in  place  of  the  microscope  objective,  and  sliding  the 
microscope  table  on  the  crossbar,  till  the  two  edges  of  the  disc  are 
alternately  on  the  cross  wires  of  the  eyepiece,  noting  the  distance 
travelled,  but  for  this  purpose  the  illuminated  point  must  be 
arranged  on  the  far  side  of  the  lens. 

A  second  method  of  obtaining  the  focal  apertures  is  as  follows: — 

If  a  distant  point  of  light,  such  as  a  star  or  a  small  aperture  with 
a  strong  light  behind  it,  be  placed  in  the  line  of  vision  of  the  optical 
bench,  the  focal  apertures  can  be  instantly  read  off  as  follows  : — 
a3curately  focus  the  light  and  read  the  scale  on  the  microscope 
table  ;  rack  the  microscope  forward  a  definite  distance,  say 
50  mm.,  and  the  point  of  light  will  have  changed  into  a  disc,  slide 
the  microscope  laterally  on  the  crossbar  until  one  ^dge  of 
this  disc  is  on  the  cross  line  in  the  microscope  eyepiece,  then  slide 
it  till  the  other  side  of  the  disc  is  on  the  cross  wire  of  the  eyepiece, 
noting  the  readings  of  the  crossbar  scale  ;  the  distance  between  the 
two  readings  divided  into  the  definite  distance  travelled  forward,  in 
this  case  50  mm.,  gives  the  focal  aperture  of  the  diaphragm.  A 
"collimator"  may  be  used  to  make  this  measurement,  but  there 
are  grave  practical  disadvantages  connected  with  its  use  ;  for  one 
thing  it  must  be  very  large,  and  the  collimator  must  be  sufficiently 
accurate  to  ensure  a  correct  result,  this  renders  such  an  instru- 
ment expensive. 

(4)  The  Diameter  of  the  Maximum  Circle  of  Illumination. — (A) 
To  determine  this  diameter,  focus  the  lens  upon  the  testing  bench 
so  that  distant  objects  are  sharp  in  the  microscope.  (It  is  assumed 
that  the  microscope  is  always  kept  focussed  upon  the  plane  of  the 
ground-glass  holder.  It  is  better  to  focus  the  microscope  upon 
this  disc  than  upon  the  ground  glass,  as  the  latter,  is  of  perceptible 
thickness,  it  slightly  alters  the  focal  distance  of  the  microscope 
when  it  is  removed.)  Then  slide  the  microscope  table  backwards 
and  forwards  on  the  crossbar  until  the  two  edges  of  the  circle  of 
illumination  are  successively  brought  on  the  cross  wires  of  the 
eyepiece.  The  diameter  of  the  maximum  circle  of  illumination 
is  read  off  the  scale  on  the  cross  bar.  To  turn  this  into  angular 
measurement  :  — 

diameter  of  the  circle  of  illumination, 
equivalent  focus  of  the  lens, 
angle. 

tan  6  or  tan         =  6. 
2  f 

(B)  The  angle  can  be  read  off  direct  upon  the  scale  on  the  rotating 
portion  of  the  lens-holder,  if  the  back  equivalent  plane  be  placed 


If  d  = 
„  e  ^ 
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over  the  rotating  axis,  and  the  microscope  table  fixed  at  zero  on 
the  cross  barseale. 

The  Diameter  of  Equal  Illumination  with  Various 

Apertures. 

For  this  purpose  the  microscope  is  turned  into  a  telescope,  by 
replacing  the  microscope  objective  by  the  telescope  object  glass, 
— the  position  where  the  stop  of  the  lens  ceases  to  appear  as  a 
circle  is  noted  for  the  different  sized  apertures.  It  is  evident  that 
a  circle  will  always  appear  as  an  ellipse  when  viewed  obliquely,  but 
for  practical  purposes  this  inequality  of  illumination  is  the  least 
important  factor.  The  position  that  should  be  recorded  is  that 
point  where  the  edge  of  the  lens  or  some  portion  of  the  mounting 
commences  to  reduce  the  area  of  the  cone  of  illumination.  This 
describes  the  inequality  of  illumination  due  to  the  construction  of 
the  lens,  the  other  defect  being  a  fixed  quantity  which  is  not 
influenced  by  design  or  manufacture. 

The  Use  of  a  Collimator. 

It  may  be  well  to  point  out  the  cases  in  which  a  distant  object 
m-ay  be  replaced  without  danger  of  a  serious  error,  by  a  collimator. 
A  collimator  is  an  object  in  the  focus  of  a  corrected  lens  which 
emits  a  parallel  beam  of  light,  thus  simulating  a  distant  object.  In 
testing  the  corrections  of  a  lens  it  is  seldom  advisable  to  make  use 
of  it,  because  the  corrections  of  a  collimator  are  not  always  perfect, 
and  introduce  additional  errors  ;  but  in  method  (I.)  and  the  latter 
part  of  method  (III.)?  ^'^^  taking  the  equivalent  focus  in  determining 
the  position  of  the  equivalent  planes,  it  may  be  used.  A  well  cor- 
rected collimator  may  be  used  also,  in  method  (II.)  for  determining 
the  maximum  circle  of  illumination,  if  it  be  as  large  as  the  lens 
examined  it  may  be  employed.  It  is  not  recommended  for  deter- 
mining the  effective  aperture  of  a  lens,  because  in  this  case,  it  must 
be  very  perfectly  corrected  for  central,  spherical,  and  chromatic 
aberration,  and  must  have  an  aperture  at  least  as  large  as  that  of 
the  lens  under  examination. 

The  Central  Corrections. 

(1)  Chromatic  aberration. 

(2)  Spherical  aberration. 

(3)  Freedom  from  stri^. 

(4)  Freedom  from  strain  in  mounting. 

(5)  Perfection  of  the  surfaces. 

(7)    Resultant  definition  (stop  required). 

The  Examination  of  the  Central  Corrections. 
In  testing  both  the  central  and  oblique  corrections  of  a  lens,  it  is 
necessary  to  bear  in  mind  the  purpose  for  which  the  lens  is  to  be 
used.  A  lens  which  is  corrected  for  distant  objects  will  not  be  so 
perfectly  corrected  for  copying  full  size.  In  most  cases,  this  is  of 
little  consequence,  because  in  increasing  the  conjugate  focus  in 
order  to  sharply  define  near  objects,  the  focal  aperture  of  the  lens 
is  so  much  reduced,  that  any  slight  imperfection  in  the  corrections 
iOf  a  lens  will  be  more  than  compensated  for  by  the  smaller  aperture 
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thus  employed.  For  process  work  or  copying,  the  lens  must, 
however,  be  specially  corrected  for  objects  at  small  distances  from 
the  camera,  and  all  tests  of  such  a  lens  must  be  carried  out  upon 
objects  at  a  sliort  distance — probably  if  the  tests  are  placed  at  a 
distance  of  three  times  the  focus  of  the  lens,  this  would  be  the 
best  average  position  at  which  to  judge  of  its  qualities.  It  is  for 
this  reason  that  we  prefer  to  make  the  tests  of  the  oblique  correc- 
tions of  a  lens  by  sliding  the  microscope  table  to  the  right  or  left 
upon  the  crossbar  of  the  apparatus,  and  not  by  rotating  the  lens 
while  the  microscope  remains  stationary.  The  object  for  which  a 
copying  lens  is  used,  is  to  reproduce  flat  subjects  such  as  engravings, 
pictures,  or  maps  and  the  edges  of  such  subjects  are  further  from 
the  lens  than  the  centre.  If  the  method  of  swinging  the  lens  is 
employed,  the  test  object  being  examined  is  always  at  the  same 
distance.  When  the  test  object  is  at  a  great  distance  this  method 
produces  no  perceptible  error,  but  is  useless  for  testing  a  copying 
lens,  moreover  this  method  of  rotating  the  lens  cannot  be  employed 
except  for  lenses  where  the  equivalent  planes  are  in  the  neighbour- 
hood of  the  diaphragm.  A  single  view  lens  cannot  be  tested  by 
rotating  the  lens,  neither  can  a  Cooke  lens,  whose  back  equivalent 
plane  is  on  a  level  with  the  front  surface. 

(1)  Chromatic  Aberration.— I.  Place  a  small  aperture  or  pin- 
hole in  front  of  a  brilliant  source  of  light  at  the  distance  for  which 
the  lens  is  to  be  tested.  For  general  work  at  a  distance,  say  25  to 
50  times  the  focus  ;  for  a  copying  lens  at  a  distance  three  times  the 
focus. 

Adjust  the  microscope  table  to  zero  by  the  milled  head  (D),  and 
focus  the  microscope  by  the  milled  head  (C)  to  the  disc  with  cross 
wires,  which  latter  should  then  be  removed. 

Point  the  testing  bench  at  the  illuminated  aperture  till  the  image 
produced  by  the  lens  to  be  tested,  is  in  the  centre  of  the  field  of  the 
microscope  ;  accurately  focus  the  image  and  place  a  direct  vision 
spectroscope  prism  over  the  eyepiece  of  the  microscope  — the 
image  of  the  point  will  now  appear  as  a  coloured  line.  If  the  lens  be 
absolutely  corrected  for  colour  it  will  appear  as  a  fine  line  of  the 
same  thickness  throughout  its  length,  but  of  different  colours  (A 
iigure  153). 


Figure  153. 
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If  the  lens  be  entirely  uncorrected  it  vvill  appear  when  th.e  red 
light  is  in  focus  as  a  fan  (B  figure  153). 
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If  now  the  yellow  be  focussed,  it  will  appear  as  C,  figure  153. 
If  the  green  be  focussed  it  will  appear  as  D,  figure  153. 

Thus  the  exact  focus  of  each  coloured  light  can  be  obtained,  and 
its  position  noted  on  the  scale  of  the  microscope  table. 

When  a  lens  is  corrected  for  chromatic  aberration, but  has  a  slight 
residual  secondary  spectrum,  the  appearance  will  be  as  E,  figure  153, 
and  the  amount  of  outstanding  aberration  can  be  measured  by  the 
same  process.  This  method  has  the  disadvantage  that  when  the 
object  is  at  a  distance  of  from  25  to  50  times  the  focus  a  very 
powerful  illumination  is  required — it  is  the  best  method  to  employ 
where  a  sufficiently  brilliant  light  is  available. 

II.  This  method  is  the  same  as  the  last,  except  that  instead 
of  the  spectroscope  prism,  three  troughs  containing  mono- 
chromatic solutions  are  employed  in  a  sliding  frame  between  the 
object  glass  and  the  eyepiece  of  the  microscope,  they  can  be 
rapidly  slid  into  the  field,  and  the  change  of  focus  observed  for  the 
different  colours. 

(2)  Central  Spherical  Aberration. — The  apparatus  is  arranged  in  the 
same  manner  as  in  testing  for  chromatic  aberration,  and  a  similar 
point  of  light  is  examined  but  without  the  use  of  the  spectroscope 
or  monochromatic  troughs.  If  the  correction  for  chromatic  aberra- 
tion is  so  deficient  that  a  coloured  image  is  seen,  a  monochromatic 
trough  may  be  employed.  In  fact,  as  the  green  and  blue  rays  are 
those  most  chemically  active,  it  is  always  advantageous  to  employ 
a  green  solution  when  the  illuminant  is  powerful  enough  to  admit 
of  it. 

By  means  of  the  Iris  diaphragm  (L)  and  a  series  of  discs  placed 
on  the  clips  of  the  Iris  frame,  a  series  of  annular  openings 
are  made.  The  rings  thus  formed  are  placed  as  close  as 
possible  to  the  lens,  and  the  focus  for  the  different  portions  of  the 
lens  recorded.  In  this  way  the  refraction  of  the  entire  lens  may  be 
mapped  out  and,  if  desired,  plotted  on  a  curve.  In  most  photo- 
graphic lenses  this  correction  has  been  effected  more  or  less,  and 
it  is  generally  sufficient  to  examine  the  image  without  making  use 
of  the  annular  apertures.  For  this  purpose  the  microscope  should 
be  focussed  first  beyond  the  focus,  and  the  disc  representing  a 
section  of  the  cone  of  light  which  forms  the  image  examined  ;  the 
microscope  should  then  be  rapidly  focussed  back  beyond  the  focus 
and  the  disc  representing  a  section  of  the  cone  of  light  beyond 
the  focus  examined.  If  the  two  discs  appear  equally  bright  through- 
out and  of  equal  intensity,  especially  at  their  margins,  the  spherical 
aberration  of  the  lens  is  fairly  well  corrected.  If  the  margin  of  the 
disc,  when  nearer  to  the  lens  is  much  more  definite  than  that  of 
the  disc  on  the  outside,  it  is  clear  the  margins  of  the  lens  are 
transmitting  light  to  a  different  focus  than  that  to  which  the 
centre  is. 

Figure  154  represents  a  well  corrected  lens,  the  whole  light 
passing  approximately  through  a  point.  It  is  evident  that  at  the 
section  A  and  B  of  the  cone  of  rays  the  distribution  of  the  light  will 
be  similar,  and  the  two  sections  will  be  identical  in  appearance. 
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Figure  155  represents  a  badly  corrected  lens,  where  the  marginal 
rays  come  to  a  shorter  focus  than  the  central  rays.  It  is  evident 
that  the  edge  of  the  disc  given  by  the  section  A  will  have  more  than 
its  share  of  light  and  the  disc  will  have  a  sharply  defined  bright 
edge,  whereas  the  edge  of  the  disc  at  B  will  have  only  an  indistinct 
hazy  outline  and  a  more  intense  central  illumination. 


This  test,  when  employed  with  a  sufficiently  small  and  brilliantly 
illuminated  point  of  light,  is  particularly  sensitive,  as  very  slight 
differences  in  the  appearance  on  the  opposite  sides  of  the  focus  can 
be  readily  detected.  It  is  also  specially  useful  because  it  forms  a 
means  of  examining  the  lens  for  the  three  following  defects. 

(3)  Examination  of  the  Lens  for  Striae.— As  mentioned  before, 
prominent  veins  or  strise'  in  the  glass  can  be  seen  by  placing  the 
eye  in  one  conjugate  focus  of  the  lens  and  a  lamp  or  other  illumin- 
ant  in  the  other,  the  whole  lens  appears  a  blaze  of  light,  and  feathers 
or  veins  will  be  readily  detected.  Fine  strise.  however,  which  can- 
not be  detected  in  this  manner  will  be  readily  seen  by  examining 
the  discs  on  either  side  of  a  focussed  point  of  light,  as  explained 
above.  It  is  necessary  that  the  lens  should  be  approximately 
corrected  for  central  spherical  aberration,  and  the  better  the 
correction  in  this  respect  the  more  sensitive  is  this  test  for  strise. 
Any  imperfections  which  do  not  show  upon  a  careful  and  thorough 
examination  of  this  kind  may  be  safely  neglected  as  harmless. 

(4)  Freedom  from  Strain  in  Mounting. — If,  upon  examination  of 
the  discs  upon  either  side  of  the  focussed  image,  they  do  not  appear 
circular,  it  may  be  caused  by  the  lenses  being  under  tension  in  the 
lens  cells,  by  being  held  too  tightly  ;  this  often  shows  as  an  appear- 
ance of  two  ellipses  on  either  side  of  the  focus  in  directions  at  right 
angles.    The  lens  has,  what  is  technically  known  as  a  twist. 

(5)  Perfection  of  the  Sphericity  of  the  Surfaces. — Many  of  the 
defects  due  to  bad  workmanship  may  be  detected  by  this  test.  If 
the  discs,  instead  of  being  circular  are  irregular,  one  or  more  of 
the  surfaces  are  not  truly  spherical.  It  is  inconvenient  in  testing 
a  lens  to  take  it  to  pieces,  and  test  its  surfaces  by  proof  glass  or 
reflection  methods.  If  properly  carried  out  this  test  makes  a 
very  perfect  method  of  testing  the  complete  lens. 

It  is  important,  when  examining  a  lens  by  this  means,  that  the 
air  from  the  illuminated  point  to  the  observer's  eye  should  be 
reasonably  isothermic.  When  the  test  point  of  light  is  at  a  distance 
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it  is  essential  that  the  line  of  si^^ht  is  not  over  a  stove  or  gas  burner, 
v/hich  would  produce  a  flickering  in  the  air  that  would  spoil  the 
definition.  In  our  own  factory,  where  the  line  of  sight  passes 
through  a  heated  workshop,  a  tube  12  inches  diameter,  100  feet 
long,  coated  outside  with  a  layer  of  asbestos,  is  erected  to  preserve 
a  homogeneous  column  of  air. 

(6)  Central  Definition  Test.  -  The  foregoing  tests  will  determine 
the  errors  that  may  exist  in  a  lens,  and  if  carefully  executed  will 
detect  their  presence,  even  in  very  minute  degrees.  A  photographic 
lens,  however,  requires  so  many  conflicting  errors  to  be  corrected 
that  it  may  be  advisable  to  compromise  to  a  certain  extent. 

Although  the  central  aberration  should  be  sufficiently  eliminated 
to  avoid  lack  of  central  definition,  certain  slight  errors,  not  incom- 
patible with  this  result  may  be  left,  to  render  the  correction  of 
some  of  the  oblique  aberration  more  possible.  It  therafore 
becomes  necessary  to  fix  a  standard  of  central  definition. 

If  a  point  be  represented  by  a  circle  not  larger  than  1 -200th  of  an 
inch  in  diameter,  the  picture  may  be  considered  reasonably  sharp. 
For  a  lens  which  is  to  be  used  with  a  telephoto  attachment,  magni- 
fying the  original  image  ten  times,  this  circle  should  not  be  more 
than  l-2000th  of  an  inch,  in  the  original  image.  For  short  focus 
lenses,  therefore,  up  to  say  10-inch  focus,  this  standard  may  be 
asked  for  in  the  most  perfect  lenses.  To  test  the  defining  pov/er  of 
a  lens  a  series  of  gratings  of  different  sizes  should  be  placed  at  a 
distance,  with  an  illuminant  placed  behind  them  and  the  image  of 
them  examined  with  the  microscope,  the  ground  glass  having  been 
removed.  If  a  grating  be  made  with  black  lines  1-lOth  of  an  inch 
thick  and  4-lOth  of  an  inch  apart,  and  placed  100  feet  from  the  lens, 
the  image  of  the  line  given  with  a  6-inch  focus  lens  will  be  1 -2000th 
of  an  inch.  If  this  image  be  examined  with  a  microscope  having  a 
magnifying  power  of  from  20  to  40  diameters,  and  is  clearly  discern- 
able,  the  standard  is  reached.  The  standard  of  definition  may  be 
lower  than  this  for  most  purposes,  although  the  most  perfectly 
made  lenses  of  short  focus  will  readily  give  this  resolving  power. 

The  Oblique  Corrections. 

(1)  Curvature  of  field. 

(2)  Radial  and  tangential  astigmatism. 

(3)  Zonal  aberration. 

(4)  Oblique  chromatic  aberration. 

ft  and  2.)  Curvature  of  field  and  astigmatism  may  be  conveni- 
ently tested  together,  and  a  diagram  prepared  which  shows  the 
characteristics  of  the  lens  in  these  respects.  As  before  mentioned, 
copying  lenses  should  be  tested  by  means  of  a  diagram  placed  at  a 
distance  of  about  three  times  the  focus  of  the  lens.  This  diagram 
may  be  made  in  the  form  of  any  convenient  design  placed  at  right 
angles  to  the  axis  of  the  lens.  Portions  of  a  convenient  design  have 
been  reproduced  in  plates  lY.,  Y.,  YI.,  XL,  XII..  XIII.,  XIY.,  XY 
andXYl. 

When  the  lines  A  B  measure  100  mm.  in  the  focussed  image,  the 
diagram  is  at  a  distance  from  the  lens  of  three  times  its  focus. 

The  first  adjustment  to  be  made  is  to  move  the  testing  bench 
towards  the  diagram  until  the  image  of  the  distance  A  B  is  f^u  :d 
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to  measure  100  mm.,  ascertain  this  by  shifting  the  micro- 
scope backwards  and  forwards  on  its  crossbar  E,  to  50  mm.  on 
either  side  of  the  centre.  The  exact  adjustment  of  this  is  only 
important  for  making  comparison  between  various  lenses  of  differ- 
ent foci.  The  next  adjustment  is  to  ascertain  by  moving  the 
microscope  table  to  two  positions,  an  equal  distance  from  the  centre 
on  either  side,  that  the  diagram  is  in  focus  equally  at  the  two 
positions.  When  this  is  so,  the  test  diagram  is  at  right  angles  to 
the  optic  axis  of  the  lens. 

The  chart  may  now  be  prepared  on  squared  paper.  Focus  the 
test  diagram  at  the  centre  or  Zero  mark  of  the  scale.  Then  move 
the  microscope  table  to  one  side  a  fixed  amount,  say  50  mm.,  and 
record  the  focus  first  for  horizontal  and  then  for  vertical  lines, 
which  can  be  dotted  on  the  squared  paper.  This  can  be  done  for 
any  number  of  positions,  and  the  curves  of  radial  and  tangential 
astigmatism  plotted  out.  The  least  circle  of  confusion  lies  between 
these  curves,  and  its  focus  is  the  curve  by  which  the  curvature  of 
field  is  expressed  ;  the  test  diagram  is  pierced  with  a  series  of 
minute  holes  by  which  the  position  of  this  circle  can  be  obtained. 
The  diameter  of  the  circle  of  least  infusion  can  be  measured  by  a 
micrometer  placed  in  the  focus  of  the  microscope  and.  recorded 
on  the  chart. 

In  making  the  chart  for  a  lens  focussed  to  distant  objects, 
an  illuminated  grating,  or  small  series  of  gratings,  and  an  aperture, 
or  series  of  apertures,  are  placed  at  a  distance  of  not  less  than  25 
feet,  preferably  50  feet.  The  lens  is  then  placed  as  described, 
so  that  its  back  equivalent  plane  is  over  the  centre  of  rotation. 
The  testing  bench  is  then  pointed  to  this  grating,  and  the  lens 
being  swung  say  every  5°,  the  position  of  the  foci  for  radial  and 
tangential  lines  are  recorded.    These  distances  may  be  calculated 
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Figure  156. 


for  the  purpose  of  making  a  diagram,  or  a  graphical  m.ethod  may  be 
employed  as  follows  :  A  drawing  board  is  provided  with  a  centre  A 
(figure  156),  upon  which  swings  an  arm  B,  divided  in  J  mm.  On 
the  drawing  board  are  a  series  of  divisions  representing  every  5°  of 
rotation  of  the  arm  B  ;  the  squared  paper  is  affixed  to  the  board 
and  the  central  focus  marked  upon  the  paper,  the  arm  A  being 
placed  at  O.  The  arm  is  placed  in  turn  to  the  degree  of  rotation 
of  the  lens  end  the  foci  of  the  radial  and  tangential  astigmatism, 
and  the  least  circle  of  confusion  are  m.arkcd  off. 
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(3)  Zonal  Aberration. — This  defect  is  tested  by  placing  the 
microscope  table  to  one  side  of  the  crossbar,  or  retaining  the 
microscope  in  the  centre  of  the  crossbar,  micanwliile  by  sv/inginr^ 
the  lens  on  its  back  equivalent  plane,  and,  observing  the  image  of  a 
distant  point  of  light.  By  means  of  annular  diaphragms  specific 
rings  of  the  lens  can  be  examined,  and  the  foci  of  the  different 
zones  may  be  measured  by  the  methods  already  explained. 

(4)  Oblique  Chromatic  Aberration  is  tested  by  the  means  indi- 
cated for  central  aberration,  but  at  the  same  time  swinging  the 
lens  to  obtain  oblique  pencils.  As  zonal  aberration  is  usually 
present  and  prevents  the  obtaining  of  a  point  image,  it  is  generally 
advisable  to  examine  only  a  small  part  of  the  lens  at  once,  by  using 
the  Iris  diaphragm  in  front  of  the  lens. 

Depth  of  Focus.  —  In  order  to  test  the  depth  of  focus  or  depth  of 
definition,  a  standard  of  definition  must  be  laid  down.  It  is  con- 
sidered by  most  authorities  that  an  object  which  m.easures  l-20Cth 
of  an  inch  in  the  image  should  be  clearly  visible.  If,  therefore,  a 
test  is  made  as  to  what  distance  the  microscope  table  can  be 
focussed  backwards  and  forwards  without  obliterating  a  grating 
v/hose  image  is  1 -200th  of  an  inch  per  line,  the  depth  of  focus  can 
be  measured.  This  quantity  is  almost  the  same  in  the  centre  of 
the  field  for  all  lenses  of  the  same  focus  and  aperture,  varying  only 
with  the  correction  for  spherical  aberration.  The  marginal  depth, 
however,  is  a  varying  amount,  and  two  additional  lines  may  be 
added  to  the  chart  to  express  the  limits  of  the  depth  of  focuo 
throughout  the  field.  The  amount  of  this  depth,  or  the  area 
included  between  the  lines,  is  sometimes  called  the  P'ocal  Volume 
of  a  lens. 

In  order  to  readily  set  a  grating  at  such  a  distance  that  its  image 
is  1 -200th  of  an  inch,  a  micrometer  eyepiece  is  supplied,  each 
division  of  which  represents  1-lOOth  of  an  inch  in  the  image. 

Another  method,  that  of  using  a  point  of  light  on  the  object,  may  be 
employed.  If  this  point  is  sufficiently  small  to  give  an  almost  puncti- 
form  image,  the  microscope  may  be  racked  forwards  and  backwards 
till  the  disc  measured  by  the  microscope  is  l-200th  of  an  inch  in 
diameter  and  the  position  recorded.  If  the  image  of  the  disc  has  a 
small  size,  say  1-IOOth  of  an  inch,  this  may  be  measured  first,  and  the 
microscope  may  be  racked  forwards  till  it  appears  this  size,  added 
to  l-200th  of  an  inch.  This  method  is  unsatisfactory  if  the  lens 
possesses  zonal  aberration,  and  the  well-known  method  of  examin- 
ing a  bar  of  thin  metal  at  45"  which,  by  rotation,  can  be  made  to 
give  an  image  of  the  required  size,  is  preferable. 

Centring. — The  determination  of  the  axis  of  the  lens  v/ith  refer- 
ence to  its  mounting  may  be  ascertained  by  revolving  the  lens  upon 
the  axis,  and  finding  whether  it  has  to  be  shifted  on  the  axis  of  the 
lens  table  so  that  the  image  shall  remain  stationary  during 
revolution. 

The  important  test,  however,  to  find  out  whether  the  various  sur- 
faces have  all  their  centres  of  curvature  upon  a  common  axis.  This 
is  best  tested  by  the  method  used  at  Kew  of  examining  with  a  tele- 
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scope  object-glass  in  the  microscope,  whether  when  viewing  a  Hght 
through  the  lens,  all  the  images  reflected  from  the  various  surfaces 
can  be  made  to  lie  in  one  straight  line. 

Another  method  is  to  place  a  small  light  at  one  end  of  the  crossbar 
and  move  the  telescope  to  the  other  end,  focussing  each  reflected 
image  in  turn,  and  by  revolving  the  lens  on  its  own  axis  to  ascertain 
whether  the  reflected  images  remain  stationary.  Any  single 
surface  that  is  out  of  centre  can  thus  be  ascertained. 

Distortion. — For  the  determination  of  this  error  a  bracket  is  sup- 
plied to  the  testing  bench,  which  will  carry  the  entire  lens  carrier 
in  a  plane  at  right  angles  to  the  bench.  This  places  the  axis  of 
rotation  of  the  lens  (E)  in  a  horizontal  instead  of  a  vertical  position. 
The  lens  to  be  examined  is  now  adjusted  by  the  rack  and  pinion 
(M)  so  that  it  rotates  upon  its  back  equivalent  plane.  It  is  now 
swung  to  any  desired  angle,  and  a  distant  horizontal  line  is 
examined.  A  ground  glass  with  ruled  divisions  is  placed  in  the 
ground-glass  holder  and  a  low  power  eyepiece,  magnifying  4  dia- 
meters, placed  in  the  microscope.  The  microscope  table  having 
been  focussed  to  the  distant  line,  is  slid  to  the  right  or  left  on  the 
crossbar,  and  the  height  of  the  line  noted  at  various  positions.  If 
the  lens  is  free  from  distortion  the  height  will  be  the  same  through- 
out. If  distortion  is  present  its  amount  is  determined  by  the 
number  of  divisions  above  or  below  the  C3ntre  at  which  it  appears, 
at  the  margins  of  the  field. 

Any  of  the  phenomena  of  oblique  or  central  aberration  may  be 
photographed  upon  a  magnified  scale  by  means  of  a  small  plate 
holder  which  fits  the  eyepiece  end  of  the  microscope.  A  ground 
glass,  which  has  the  same  register  as  the  camera,  is  supplied  in 
a  fitting.  This  must  be  slipped  into  the  microscope  draw- 
tube  and  the  image  focussed  upon  this  ground  glass,  after  which  it 
can  be  replaced  by  the  plate  holder  and  the  photograph  taken. 

The  Intensity  Test,  as  devised  by  Sir  W.  Abney,  may  be  carried 
out  on  this  bench  as  described  in  Mr.  Cole's  treatise  on  Photo- 
graphic Optics,  and  the  relative  intensities  of  illumination  given 
by  a  lens  at  different  portions  of  the  field  obtained,  but  as  these 
intensities  are  only  visual  intensities,  it  is  a  test  that  is  not 
frequently  made  use  of. 

It  requires  a  set  of  screens  and  lamps,  which  can  be  successfully 
used  on  brackets  sliding  upon  the  main  bar  of  the  testing  bench. 


Printed  by  Percy  Lund,  Humphries  &  Co.,  Ltd.,  The  Country  Press,  Bradford 
and  3,  Amen  Corner,  London,  E.G. 
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BECK  LENSES^ 
UNIVERSAL  ORTHOSTIGMATS, 
SERIES  I> 

f/63. 

The  BECK 
STEINHEIL 

ORTHO^ 
STIGMAT. 

(Complete  Lens.)  Single  comb. nation. 

PRICES    OF    LENSES.  SERIES  I. 


Aperture:    Nos.  1-5,  f/'6-3  ;    Nos.  6-8.  f/S'S  ;    Nos.  9-11,  f/7  to  f/S. 


Aperture. 

Focal  Length. 

Recom- 

Plate covered  sharply. 

No. 

mended 

Price 

In. 

Mm. 

In. 

Cm. 

for  plate. 

f,6-2. 

f/20. 

f/40 

0 

8 

3 

1 

2-5 

s  ^  1 . 

i  X 

4 

11  X 

1| 

£4 

7 

Oa 

X 

6 

2 

5 

Ifxli 

2  x 

2 

2  X 

2.5 

4 

7 

Ob 

5 

10 

2i 

5-4 

2jx 

2i 

2|X 

2* 

4 

0 

Oc 

_L 

13 

3i 
3i 

8 

2ix3^ 

l|x 

4 

Sjx 

4i 

4 

7 

1 

3"g 

14 

9 

3jx 

3i 

4|x 

^4 

4^  X 

3i 

4 

10 

2 

5 
8 

16 

44 

10-5 

4ix 

3i 

4ix3i 

4|x 

3'j 

6  X 

4 

4 

15 

3 

•1 
4 

18 

4i 

12 

4|x 

H 

4^x3,^ 

5  X 

4" 

l^x 

5 

0 

4 

7 
8 

22 

15 

5  X 

4 

6  x4 

7ix 

5 

8|x 

6 

0 

5 

27 

74. 

18 

6)x 

4J 

6hx^ 

8^x 

6 

9ix 

7 

5 

6 

31 

8J 

21 

7ix 

5 

7|x5 

8Lx 
9ix 

6i 

11  X 

8i 

8 

10 

7 

18 

36 

9* 

24 

8.>x 

6* 

S"'  X  6 

7 

12  X 

10 

10 

8 

41 

11 

28 

8.VX 

6i 

8^x6^ 

11  X 

81 

14  X  1 

13 

0 

9 

2^ 

53 

36 

10  X 

8 

10"^  x8" 

12  X 

9i 

16  X  16 

20 

0 

10 

rl 

72 

19 

48 

12  X  10 

12  x9A 

16  X  12 

24  X20 

30 

0 

11 

3.1t 

90 

231 

60 

15  X  12 

16   x  1 

20  x 

16 

28  X24 

45 

0 

*  In  Aluminium  :  £1  extra  Nos.  0  to  8 ;  £'J.  extra  Nos.  9  to  11, 


35' 


30^    25"    20'^    15"    10°   5^    0"    5"    10"   15^  20^ 


I 

25^ 


40= 


1     I r  "1    I \  r 

35'      30 ~    25^   20"    15"    10"  5" 


20^    25^  30^ 


DIAGRAMS  OF  ASTIGMATISM. 


35° 


40^ 


The  above  diagrams  represent  actual  tests  of  two  Beck-Steinheil  lenses  taken  at 
random.  They  show  that  the  focal  plane  is  almost  mathematically  flat  for  an  angle  of 
from  60"  to  70"",  and  that  there  is  no  astigmatism  except  in  the  last  10"  of  their  total 
illuminating  area. 

Fuller  Particulars  and  Catalogues  Post-free  from 

R.  &  J.  BECK,  Ltd.,  68,  ComhiU,  London,  E.G. 
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BECK  LENSES. 

UNIVERSAL  CONVERTIBLE 
ORTHOSTIGMATS. 


SERIES  11. 

f/6-8.  f/7-7. 


(Complete  Lens.)  (Single  combirmtions.) 

THE   BECK^STEINHEIL  ORTHOSTIGMAT. 


PRICES    OF  LENSES. 

SERIES 

II. 

Focus. 
Single  Lens. 
f/12-6. 

Com- 
bined 
Focus. 

Size  of  Plate  in  inches. 

Price* 

No. 

Aper- 
ture. 

Foeus  most 

suitable 
for  Plate. 

Can  be  used 
at  Full 
Aperture. 

Plate 
covered  at 
f/40. 

with 
Brass 

Back. 

Front. 

Mount. 

la 
lb 
2a 
2b 
3a 
3b 
4a 
4b 
5a 
6a 

6 
6 
7 
7 

8J 
H 

10 

10 

12i 

14J 

7 

10 
10 
12i 

31 
4| 

^? 
5i 

5i 

cl5 

6i 
7* 

8? 
85 

f/6-8 
f/7-7 
f/6-8 
f/7-7 
f/i6-8 
f/7-7 
f/6-8 
f/7-7 
f/6'8 
f/6-8 

3jx3i 
4jx3| 
4ix3| 
5  X4 

5  x4 

6  x4 
6jx4i 
6ix4| 

7  x5 
8jx64 

3jx3j 

4  x3i 
4jx3i 

5  x4 

6  x4 
6ix4| 

7  x5 

7  x5 

8  x5 
8ix6j 

5  x4 

5jx4| 

6|x4| 

7  x5 

8  x5 

8  J  X  65 

9  x7 
9ix7i 

10  x8 
12  xlO 

£4  15  0 
5    0  0 
5    2  6 

5  15  0 
9  17  6 

6  10  0 

7  0  0 

8  0  0 
8  10  0 

10    0  0 

12J 
14^ 
14i 
17 

Price  in  Aluminium,  £1  extra. 


I  I  I  I  I  I  I 
35°     30°    25°    20°    15°    10°  5° 


I       I-     I        I        I  I 
0°    5°    10°  15°    20°    25°     30°  35° 


40° 


^35° 


T     r     I    1^  r 

30°    25°   20°   16°    10°  5° 


102  15 


DIAGRAMS  OF  AStlGMATISM. 


The  aiDove  diagrams  represent  aatual  teafes  of  two  Beck-Steinheil  lenses  taken  at 
random.  They  show  that  the  focal  plane  is  almost  mathematically  flat  for  an  angle  of 
from  60°  to  70°,  and  that  there  is  no  astigmatism  except  in  the  last  10°  of  their  total 
illuminating  area. 

Fuller  Particulars  and  Catalogues  Post-free  from 
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BECK  LENSES. 

PROCESS  ORTHOSTIGMATS. 
SERIES  III.  f/io. 


THE   BECK-STEINHEIL  ORTHOSTIGMAT. 


PRICES    OF    LENSES.  SERIES  III. 


No. 

Aperture. 

Focus. 

Size  of  Plate  covered 
sharply. 

Price. 

With 
Best 
Quality 
Prism. 

With 
Second 
Quality 
Prism. 

mm. 

in. 

em. 

in. 

Copying 
full  size. 

Groups, 
f/10. 

Land- 
scapes, 
f/56. 

7 

35 

If 

30 

20x  16 

lOjx  8i 

16x  12 

£14 

0 

0 

£29    0  0 

£18  10  0 

8 

45 

If 

40 

15| 

24x20 

134 x 10* 

20  X  16 

20 

0 

0 

40    0  0 

26    0  0 

9 

58 

2i 

50 

19| 

28x24 

16  X12*' 

24x20 

30 

0 

0 

55    0  0 

39    0  0 

10 

70 

60 

23^ 

32x28 

18  X  14 

28x24 

40 

0 

0 

7a    0  0 

52    0  0 

15 

87 

75 

294 

36x32 

20  X  16 

32x28 

60 

0 

0 

97  10  0 

85    0  0 

105 

4i 

90 

354 

40x36 

24  x20 

36x32 

90 

0 

0 

135  10  0 

'11  -^S^i^ss^^i^ 


35®     36^    25°    20°   15°    10°  5° 


25^ 


I 

30= 


35^: 


1  \ — T 
25°   20°    15°    10°  5^ 


15°    20°  25'= 


30= 


35°  40° 


DIAGRAMS  OF  ASTIGMATISM. 

The  above  diagrams  represent  actual  tests  of  two  Beck-Steinheil  lenses  taken  at 
random.  They  show  that  the  focal  plane  is  almost  mathematically  flat  for  an  angle  of 
from  60®  to  70°,  and  that  there  is  no  astigmatism  except  in  the  last  10°  of  their  total 
illuminattng  area. 


Fuller  Particulars  and  Catalogui&s  Post-free  from 
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BECK  LENSES. 


00 

< 

O 
H 

00 

O 
H 
O 

o 

00 

H 
w 

00 


Set  No. 


SETS  OF 


ORTHOSTIGMATS. 


00 

w 
w 

00 

w 

PQ 

H 

> 
Z 
O 
u 


For  plates  3^  x  2|  or  3§  x  3j. 


Set  No. 


For  plates  4|  x  3|. 


5  Comb, 
of  Lens 
No. 

Focus. 

Aper- 
ture. 

Angle. 

Plate 
covered. 

4  Comb, 
of  Lens 
No. 

Focus. 

Aper- 
ture. 

Angle. 

Plate 
covered. 

1 

6  in. 

f/12-5 

41-^ 

5  x4 

2 

7  in. 

f/12-5 

41° 

6ix4| 

2 

7 

f/12-5 

36' 

6ix4:| 

3 

f/12-5 

36° 

8  x5 

3 

sh 

f/12-5 

29'' 

7  x5 

4 

10 

f/12-5 

30° 

9  x6 

1-2 

3|  „ 

f/6-8 

62'^ 

3ix3i 

2-3 

a 

f/6-8 

62° 

41x31 

1-3 

4i  ., 

f  7-7 

54^^ 

4ix3i 

V  2-4 

5|  „ 

f/7-7 

54° 

5  x4 

2-3 

4i  „ 

f/6-8 

52° 

4ix3i 

3-4 

5i  „ 

f/6-8 

49° 

6  x4 

Price 


£8    0  0 


Price 


£8  17  6 


Set  No.  1 II .—For  plates  5  x  4. 


Set  No.  IV. — For  plates  6j  x  4|. 


5  Comb. 
oF  Lens 
No. 

Focus. 

Aper- 
ture. 

Angle. 

Plate 
covered. 

J  Comb, 
of  Lens 
No. 

Focus. 

•  Aper- 
ture. 

Angle. 

Plate 
covered. 

3 

81  in. 

f/12-5 

41° 

8  x5 

4 

10  in. 

f/12-5 

44° 

9  x6 

4 

10 

f/12-5 

35° 

9  X6 

5 

124 

f/12-5 

35° 

10  X8 

5 

121  .. 

f/12-5 

30° 

10  X8 

6 

144 

f/13 

31° 

12  xlO 

3  4 

5i 

f/6'8 

62° 

5  x4 

4-5 

6i  „ 

f/6-8 

65° 

64x4| 

3-5 

f/7  7 

56° 

6  x4 

4-6 

f/7-7 

59° 

71x5 

4-5 

Gh 

f/6-8 

52° 

6ix4| 

5-6 

'4  " 

f/6-8 

54° 

84x64 

Price 


£10    5  0 


Price 


£12  12  6 


Fuller  Particulars  and  Catalogues  Post-free  from 
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BECK  LENSES. 
BECK^BIPLANAT.      SERIES  L 


THE  BECK^BIPLANAT  (mounted  in  Brass  and  Magnalium)* 


Aperture  f/5-8. 


No. 

Focus. 

Focus  oF  Back 
Combination. 

Plate  Covered. 
f/5-8. 

Plate  Covered. 
f/22. 

Price. 

1 

41 

8 

31 X  31 

41  x  31 

£2  10  0 

2 

5 

9 

4ix  31 

5x4 

2  15  0 

3 

6 

lO.i 

5x4 

6.ix  ^ 

2  17  6 

4 

7 

13i 

5ix  41 

ejx  4J 

3    2  6 

5 

s'i 

16 

6ix  4f 

8x5 

3  10  0 

6 

11 

20 

8Jx  6i 

9x7 

4  10  0 

7 

13 

23 

10  X  8 

12  xlO 

5  10  0 

8 

16 

28 

12  xlO 

16  xl2 

8  10  0 

It  gives  better  depth  and  covering  power  than  a  Portrait  Lens, 
and  need  not  be  stopped  down  for  this  purpose. 

At  full  aperture  it  is  fast  enough  for  extra  rapid  shutter  expo- 
sures, and  although  it  does  not  cover  as  well  as  the  Orthostigmat, 
is  sufficient  for  most  of  these  photographs  when  the  object  of 
interest  does  not  extend  to  the  corners  of  the  plate. 

With  stops  f/8  to  f/22  it  is  an  excellent  lens  for  landscape  and 
pictorial  photography.    With  small  stops  it  will  cover  a  wide  angle. 

Considering  its  extraordinary  low  price  it  may  be  recommended 
to  all  who  do  not  wish  to  go  to  the  price  of  an  Orthostigmat,  and 
should  be  chosen  in  preference  to  the  Rapid  Rectilinear  types. 


Fuller  Particulars  and  Catalogues  Post-free  from 
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BECK  LENSES. 
AUTOGRAPH  RAPID  RECTILINEAR. 


SERIES  II.  f/8. 


(R.R.  and  M.A.R.)  (W.A.R.) 


Aperture:  f/8. 


No. 

Focus. 

Plate  covered,  f/8. 

Plate  covered,  f/22. 

Price. 

0 

4| 

3|x  3i 

£2    5  0 

1 

5 

4ix  3^ 

5x4 

2  10  0 

2a 

6 

5x4 

6ix  ^ 

2  15  0 

2 

7 

5x4 

6ix  4| 

2  17  6 

3 

8S 

6ix  4f 

8x5 

3    3  0 

4 

11 

Six  6i 

9x7 

4    0  0 

5 

13 

10  X  8 

12  xlO 

5    0  0 

6 

16 

12  xlO 

16  Xl2 

7  15  0 

Mid  and  Wide-Angle  Autograph  Rectilinear  Lenses* 


M.A.R.  Aperture:  f/11-5.  W.A.R.  Aperture:  f/16. 


No. 

Focus. 

Full 
Aperture. 

Small 
Stop. 

Price. 

No. 

Plate. 

Focus. 

Price. 

1 

3 

3^x31 

5  x4 

£2   7  6 

1 

5  x4 

3 

£2  10  0 

2 

4 

^x^ 

64x4f 

2  10  0 

2 

6,Lx4f 

4 

2  17  6 

3 

5 

5  x4 

74x5 

2  15  0 

3 

8ix64 

5 

3    5  0 

4 

6 

6ix4i 

8.^  X  6J 

3   0  0 

4 

10x8 

6 

3  17  6 

5 

7 

7Jx5 

9  x7 

3   5  0 

5 

12x  10 

7 

4   4  0 

A  Standard  Lens  at  a  moderate  price.  Excellent  for 
all-round  work  where  price  is  a  consideration. 
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BECK  LENSES. 
BECK  DOUBLE-APLANAT. 
SERIES  III. 


BECK  DOUBLE-APLANAT,  t/?'?. 


Aperture:  f/7'7. 


No. 

Focus. 

Plate  Covered, 
f/7-7. 

Plate  Covered, 
f/22. 

Price. 

1 
2 

3 
4 
5 

5 
6 
7 

8i 
11 

4Jx  3 J 
5x4 
5x4 
6Jx  4S 
8Jx  6i 

5x4 

61  X  ^ 

6.ix  4J 

8x5 

9x7 

£1  10    0  . 
1  15  0 

1  17  6 

2  0  0 

3  0  0 

A  first-pate  Lens  of  the  Rectilinear  type — specially  suitable 

for  hand  cameras. 


DIAGRAM   OF  ASTIGMATISM. 

The  above  diagram  represents  actual  tests  of  a  Beck  rectilinear  lens  taken  at  random 
from  a  number.  It  shows  that  the  focal  plane  is  flat  for  an  angle  of  from  50"  to  60°,  and 
that  there  is  no  astigmatism  for  20  '  of  this  total. 


Fuller  Particulars  and  Catalogues  Post-free  from 
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BECK  LENSES. 


THE  BECK 
EXTRA  RAPID 
RECTILINEAR. 


Aperture:  f/4. 


BECK  E.R.R. 


No. 

Equiv.  Focus. 

Size  of  Portrait. 

Size  of  Views. 

Prices. 

2 

C.-de-V.  and  Busts  . . 

5x4 

.£8  10  0 

3 

91 

C.-de-V.  and  Cabinets 

64  X  4  } 

10  10  0 

4 

lis 

Cabinets  

84  X  64 

15  15  0 

5 

14 

Panels  

10  X  8 

21    0  0 

AUTOGRAPH 
NARROW. 
ANGLE 
SINGLE  VIEW 
LENSES. 


No. 

Equiv.  Focus. 

Size  of  Plate. 

Prices. 

1 

84  in. 

4Jx  Si  in. 

£2  15  0 

2 

104 

5x4,, 

3    5  0 

3 

124 

64x  4f  ,, 

3  10  0 

4 

15 

84  X  64  ,, 

4    5  0 

18 

10  X  8  ,, 

5    5  0 

I 

23 

12  xlO 

7    0  0 

No. 

Equiv.  Focus. 

Size  of  Plate. 

Prices. 

AUTOGRAPH 

1 

5  in. 

5 

X 

4  in. 

£3 

0 

0 

WIDE-ANGLE 

2 

64 

64 

X 

4f  „ 

3 

10 

0 

SINGLE  VIEW 

3 

84 

8i 

X 

64  n 

4 

0 

0 

LENSES, 

4 

10 

10 

X 

8  „ 

5 

0 

0 

5 

12  ,, 

12 

X 

10  „ 

6 

10 

0 

SINGLE  VIEW  LENSES  FOR  HAND  CAMERAS. 


Single  View  Lenses,  f/11. 


These  Lenses  have  not  been  put  separately 
on  the  market  before,  but  we  feel  confident  they 
will  fill  a  want  for  a  reliable  single  view  lens. 
These  Lenses  are  manufactured  at  our  factory, 
and  the  price  as  will  be  seen,  is  very  low. 
They  are  identical  with  those  supplied  in  the 
celebrated  Nos.  00  and  22  Frena  Cameras, 
where  their  work  is  much  appreciated. 

All  prices  are  strictly  Nett  Cash. 

Fuller  Particulars  and  Catalogues  Post-free  from 
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No 

Focus. 

Full 
Aperture. 

Price, 

1 

2 

4 

54 

34x24 

4Jx3i 

£0  17  0 

1    2  6 
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BECK  LENSES. 
TELEPHOTO  LENSES  AND  ATTACHMENTS. 
SERIES  I.,  IL  and  III. 


THE   BECK-STEINHEIL   TELEPHOTO  ATTACHMENT. 

(For  any  lens. ) 


PRICES    OF    SERIES     I.     STANDARD  POWER. 


No. 

Negative 
Element. 

Diameter 
of 

Element. 

Focus 
of 

Element. 

Suitable 
for  Lens  of 
Foci. 

For 

Beck-Steinheil 
Orthostigmats. 

Price 

in 
Brass. 

Price  in 

Mag- 
nalium. 

1 

No.  I. 

•905" 

1-9" 

4"  to  5i" 

Nos.  2a.  2b,  3.  3a 

£4  0 

0 

£5    0  0 

2 

la. or  II. 

1-259" 

2-8" 

5"  to  6|" 

..    3b.  4.  4a 

4  0 

0 

5    0  0 

4 

II. 

1-259" 

2-8" 

6"  to  8" 

,.    4b,  5.  5a 

4  15 

0 

5  15  0 

5 

.,  Ila. 

1-456" 

3-3" 

8' to  9A" 

6 

5  10 

0 

6  10  0 

6 

..  III. 

1-653" 

3-8" 

9" to  \6h" 

..  7 

6  0 

0 

7    0  0 

7 

„  III. 

1-653" 

3-8" 

10" to  13" 

..  8 

7  0 

0 

8    0  0 

8 

IV. 

2-440" 

5  5" 

13" to  15" 

..  9 

8  0 

0 

9    0  0 

These  Telephoto  Attachments  can  be  supphed  either  in  Brass 
OP  Magnahum,  with  a  rack  and  pinion  attachment,  and  fuU-y 
engraved  with  the  magnifying  power*  The  camera  extension  and 
circle  of  illumination  can  be  found  by  reference  to  pages  247 
and  248. 
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BECK  LENSES. 

Telephoto  Lenses  and  Attachments* 
SERIES  IL  AND  IIL,  HIGH  AND  LOW  POWER. 


The  Beck-Stei NHEiL  Telephoto  Attachment 
shown  fitted  to  a  Beck-Steinheil  Orthostigmat  positive. 


Prices  of  Series  II.,  High  Power. 


No. 

Negative 
Element. 

Suitable  for 
Lens  of  Foci. 

For  Beck-Steinheil 
Orthostigmats. 

Price 
in  Brass. 

Price 
in  Magnalium. 

1 

2 

No.  I. 
No.  II. 

1"  to  9" 
9"  to  12" 

Nos.  5,  5a,  4a,  4b,  6 
Nos.  7  and  8 

£4  15.0 
5  10  0 

£5  15  0 
6  10  0 

Prices  of  Series  III.,  Low  Power. 

No. 

Negative 
Element. 

Suitable  for 
Lens  of  Foci. 

For  Beck-Steinheil 
Orthostigmats. 

Price 
in  Brass. 

Price 
in  Magnalium. 

1 

2 
3 
4 
5 

No.  I. 
„  11. 

„  IlA. 
„  III. 

„  IV. 

3"   to  41" 
4,1"  to  6" 
6"   to  7" 
7"   to  8i" 
SJ"  to  11" 

Nos.  1,  la,  lb,  2 
, ,    3,3a,  3b 

4,  4a 
,,    4b,  5,  5a 
,,  6,7,8 

£4    0  0 

4  10  0 

5  0  0 

6  0  0 

7  5  0 

£5    0  0 

5  10  0 

6  0  0 

7  0  0 

8  5  0 

These  Telephoto  Attachments  can  be  supplied  either  in  brass 
or  n^agnalium,  with  a  rack  and  pinion  attachment,  and  fully  engraved 
with  magnifying  power*  The  camera  extension  and  circle  of 
illumination  can  be  found  by  reference  to  pages  247  and  248. 
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BECK  LENSES. 

Extensions  and  Circle  of  Illumination  for  Standard  Power 
Telephoto  Attachments  and  Beck-Steinheil  Orthostigmats* 


Orthostigmat 

f/6'3. 



Magnification. 

3 

4 

5 

7 

8 

9 

Focus 

Focus 

Focus 
7* 

Focus 

Focus 
9i 

Focus 
1 1 

Focus 
14 

Element. 

I. 

II. 

II. 

Ila. 

III. 

IV. 

3* 

"-•2 

44 

^8 

7i 

8i 

'  '  8 

15 

3 

b 

14+ 

18 

21i 

24| 

28| 

32* 

42* 

c 

2i 

^8 

3i 

4i 

4| 

5i- 

6 

9* 

a 

■  8 

8i 

12i 

141 

16| 

18i 

'  "8 

24| 

^  4 

5 

b 

23j 

29s 

35i 

411 

47^- 

54 

70 

c 

6 

8i 

9f 

lOf 

16j 

a 

Hi 

18i 

2ii 

251 

28| 

421 

8 

b 

371 

57 

661 

75§ 

86| 

1131 

c 

7* 

9S 

13 

15-1 

171 

21f 

271 

a 

141 

18| 

241 

271 

33* 

371 

51J 

10 

b 

59 

71 

82| 

94j 

1081 

142 

c 

9J 

17 

18J 

19^ 

25i 

351 

Magnification  of  Low-Power  Element  with  No.  5  Orthostigmat  f/6'3. 


3 

4 

5 

8 

a 

b 

c 

a 

b 

c 

1  a 

b 

c 

a 

b 

c 

2H 

61 

12 

281 

9* 

1  161 

12i 

30 

57 

21 

Mag 

nification  of  High-Power  Element  with  No.  5  Orthost 

igmat  f/6-3. 

8 

10 

15 

20 

a 

b 

c 

a 

b 

c 

a 

b 

c 

a 

b 

c 

12 

57 

5i 

16 

71 

9i 

22 

107 

12 

291 

142| 

151 

a — Camera  Extension.  b  — Equivalent  Focus.  c — Diameter  of  Image,  sharp. 
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BECK  LENSES. 
TELEPHOTO  LENSES  AND  ATTACHMENTS. 


Bausch  &  Lomb  shutter). 

Telephoto  work  is  not  confined  to  the  users  of  the  most 
expensive  attachments,  much  can  be  done,  particularly  in  the  early 
days,  with  a  simpler,  if  less  perfect,  instrument.  The  negative 
element  is  composed  of  two  glasses,  as  against  three  in  the  Beck- 
Steinheil  orthostigmat  attachment. 

This  attachment  has  been  brought  out  for  use  on  cameras 
having  only  short  extensions,  and  fitted  with  Bausch  &  Lomb 
shutters.  The  ordinary  lens  is  unscrewed  from  the  camera,  and 
this  little  attachment  screwed  on  behind  it,  focussing  can  then  be 
accurately  carried  on  by  pulling  or  pushing  the  shutter  and  lens 
backwards  or  forwards.  It  gives  magnification  up  to  4J°,  and  can 
be  used  with  any  lens. 


No. 

Element 

For  Lens  of  Focus 

Diameter  of  Screw 
cf  Positive. 

Price. 

Rack  and 
Pinion  Extra 

1 

4"to6"in  5x4  B. 

&L. 

or  flanges  up  to  1  J" 

£1 

15 

0 

10/0 

2 

5" to  7"in5x4B. 

&L. 

or  flanges  up  to  1  J" 

1 

15 

0 

10/0 

3 

li. 

6"to9"in  5  x4  B. 

&L. 

or  flanges  up  to  1  J" 

2 

0 

0 

10/0 

4 

II. 

6"to9"in7x5B 

&L. 

or  flanges  up  to  2" 

2 

0 

0 

10/0 

5 

11. 

6"  to  9"  in  9x7  B 

&L. 

or  flanges  up  to  3" 

2 

10 

0 

12/6 

6 

II. 

4"to7"in  7x5  B 

&L. 

or  flanges  up  to  2" 

2 

5 

0 

10/6 

The  New  "SIMPLE"  TELEPHOTO  LENS  (complete). 

This  is  complete  in  itself,  and  is  a  wonderful  little  instrument, 
the  positive  can  be  used  alone,  and  the  two  combined  give  foci  from 
6  in.  to  36  in.,  or  more  according  to  the  camera  extension  available. 

The  "  Simple  "  Telephoto  Lens  complete  (consisting  of  positive 
f/7'7  in  Bausch  &  Lomb  shutter,  iris  diaphragm,  and  2J  in.  negative 
element  in  brass.       Supplied  in  case  complete  -    -    -    -£3   3  0. 
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BECK  LENSES. 
SETS  OF  LENSES 

suitable  for  a  half-plate  camera  from  the  most  complete 
series  to  a  simple  lens. 

J-plate  Complete  Set  —  1  No.  IV.  Set  of  Convertible  Orthostigmats, 
with  foci  10  in.,  12^  in.,  14J  in.,  6^  in.,      in.,  7J  in.,  £12  12  6 


^-plate  Set — 1   No.  Va.  Convertible  Orthostigmats,  3  foci,  7J  in., 
12Jin.,  14i  m.    --------------  £8  10  0 

^-plate  Set — 1    No.  V.   Series    1.  Orthostigmat,  2   foci,   12.^  in., 
7J  in.    -----------------  £7^  5  0 

J-plate  Lens— 1  No.  V.  Biplanat,  f/5-8  ------.-£3100 

J-plate  Lens— 1  No.  IV.  Double  Aplanat,  f/7-7  --.--£200 


A  Telephoto  Attachment  may  be  supplied  to  all  the  above, 
J-plate  and  5x4  Sets,  at  corresponding  prices. 

SETS  OF  CAMERAS  AND  LENSES. 

SET  No.  I.  For  all  work  or  any  kind.  Best  quality  square  model 
Double  Extension  Camera,  with  3  double  dark  slides,  special 
tripod  and  head  for  tilting,  Beck-Steinheil  lens,  telephoto 
attachment,  standard  and  low  power  interchangeable,  with 
2  scales  fully  engraved,  mounted  in  magnalium,  with  special 
focal  plane  shutter,  giving  exposures  from  J  to  ^^^y,  complete 
in  leather  case  with  iris  shutter,  mounted  on  the  lens, 
exposures  3  sees,  to  ybtt- 

J-plate  Outfit  complete  -  -  -  £29  6  0 
J-plate  Outfit  complete  -    -    -     34    8  6 

SET  No.  II.  Best  quality  Sanderson  Model  Camera,  with  all 
adjustments,  and  Beck-Steinheil  lens  and  standard  power 
telephoto  attachment,  with  iris  shutter  on  the  positive  in 
brass,  with  tripod  and  3  double  dark  slides,  in  canvas  case 
complete,  exposures  from  1  sec.  to 

J-pIate  Outfit  complete  -  -  -  £17  17  0 
5x4  Outfit  complete  -  -  -  -  19  9  6 
J-plate  Outfit  complete  -    -    -     23    4  6 

SET  No.  Ill,    Best  quality  Sanderson  Model  Camera,  with  all 
adjustments  and  Beck  double  aplanat  lens,  f/7-7,  and  standard 
power  telephoto  attachment  with  roller-blind  shutter,  tripod 
and  double  darks,  in  soft  canvas  case  complete. 
J-plate  Outfit  complete  -    -    -  £11  16  6 
5x4  Outfit  complete  -    -    -    -     13    2  6 
J-plate  Outfit  complete  -    -    -     15    5  6 
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HAND  CAMERAS  FITTED  WITH  ^^BECK^^  LENSES, 


THE  FRENA. 

This  type  of  camera  takes  photographs  upon  stiff  celluloid 
films  about  the  stiffness  of  a  postcard.  They  are  placed  in  a 
packet,  of  any  number  up  to  40,  into  the  camera,  and  are  dealt 
out  one  by  one  as  used — "  Like  a  Pack  of  Cards."  The  two  most 
recent  models,  the  "  Frena  Max"  and  the  "F.O.P.  Frena,"  take 
also  glass  plates  in  sheaths.  Glass  plates  can  also  be  used  in  all 
the  other  models. 

One  of  the  chief  causes  of  the  popularity  of  the  Frena 
Cameras  has  been  the  quality  of  the  lenses  with  which  they  are 
provided. 

They  all  carry  brilliant  "stationary"  finders,  an  adjustable 
shutter,  diaphragms  to  the  lens,  and  all  necessary  adjustments. 


THE  FRENA  MAX. 

40  5  in.  X  4  in.  Films 
or 

12  l-plates  in  sheaths. 

The  films  or  plates  are  carried 
in  a  magazine  which  swings  on 
centres  in  the  sides  of  the  case. 
A  single  motion  of  the  handle  at 
the  side  turns  down  the  magazine 
and  automatically  drops  one  film 
or  plate  into  the  bottom  of  the  camera,  leaving  the  next  ready  for 
exposure;  an  automatic  counter  shows  the  number  used.  The 
shutter  gives  exposures  of  5^^,      second,  and  time  exposures. 

The  lens  is  provided  with  diaphragms.  A  handbook  of  60  pages  is 
supplied  with  each  camera,  giving  instructions  sufficiently  complete 
to  enable  the  beginner  to  successfully  learn  photography.  The 
camera  measures  8J  in.  x  9Jx4Jin. 

Price  with  Double  Meniscus  Lens  -  £2  18  6 
With  Beck  Autograph  R.R.  Lens-  -  5  5  0 
With  Bcck-Stcinhcil  Orthostigmat        9    9  0 
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Hand  Cameras  Fitted  with  ^^Beck^^  Lenses^ 

THE  FRENA. 


The3  F.O.P.  Frena  takes  4£)  flat  films,  3J  in.  x  2f  in.,  op  10 
glass  plates  in  sheaths.  It  measures  6f  in.  x  6}  in.  x  4  in.  It 
has  a  shutter,  giving  exposures  ^q,  J^,  ^  second,  and  time 
exposures.  A  complete  Handbook  of  Instructions  is  supplied 
with  each. 

Price  with  Single  Achromatic  Lens  -    -    -    -  £1    1  0 

Price  with  Rapid  Rectilinear  Lens  and  Iris 

Diaphragm  3  17  6 

Price  with  Beck-Steinheil  Orthostigmat  Lens 

and  Iris  Diaphragm  -------   6    7  6 

Fuller  Particulars  and  Illustrated  Lists  Post-free  on  application  to 
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Hand  Cameras  Fitted  with  Beck  Lenses* 

THE  FRENA 
STANDARD  BOX  MODEL  TYPE. 

8  Sizes, 


4ix3i 


4ix3i 


5x4 


THE  BOX  MODEL  FRENAS. 

These  Cameras  have  estabUshed  a  reputation  which  is  justly 
envied,  and  have  done  so  largely  through  their  reliability.  A  short 
description  is  given  on  the  following  pages,  but  our  full-illustrated 
catalogue  will  be  posted  with  sample  prints  on  receipt  of  a  post  card. 

They  all  take  Forty  Flat  Films  like  a  Pack  of  Cards  which  are 
dealt  out  one  by  one — they  always  remain  Flat. 


No. 

00 

0 

0 

22 

2 

2 

3 

3 

Lens. 
Single 

ACHRO. 

R.R. 

B.S.O. 

S.A.L. 
R.R. 

B.S.O. 

R.R. 

B.S.O. 

Size. 

Apertures. 

Shutter 
Speeds. 

Weight 

Size. 

Price. 

3ix2i 
3ix2f 

4^x3^ 
^xSi 

5  x4 
5  x4 

f/11  16  22  64 

f/8  11  16  22  64 
f/6-3  11  16  22  64 
f/11  16  22  64 
f/8  11  16  22  64 
f/6-81116  22  64 
f/8  1  1  16  22  64 
f/6-3  11  16  22  64 

i  -10  2V  4V  8*^ 

1  JL_  _1_  -1_  _1_ 
.5  10  2  04:0  80 

"5  To  2V  A 

i  To  2^0  4V  sV 

.1  tV  2V  A  ^(5 

i  10  2V  4V  A 

.1  tV  2V  4V  8^ 

i  1^0  20"  40"  8*0 

2f 

2f 

2i 

4 

4 

9, 

5i 
5i 

9^x5  x3i 

9Jx5  x3J 
9^x5  x3i 
Ilix5jx4| 
ll|x5Jx4J 
iUxdixih 
12^x6^x54 
12ix6Jx5J 

£2  18  8* 

5    5  0* 
8  15  0* 
5    8  6* 
8  17  6*t 
13  12  6*t 
12  12  0*t 
18    2  0*t 

*  Complete  with  40  Flat  Films  and  a  Handbook  of  Instructions,    t  Including  4  Magnifiers. 

Solid.    Reliable.     Elegant.     Serviceable.  English. 
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Description  of  the  Box  Model  Frena  Cameras* 


Fig.  8. — Front  View. 


Fig.  g.^Side  View. 


A— Shutter  Knob. 
B — Exposure  Number. 
C— Diaphragm  Plate. 
D — Stop  Number. 


E — Stop  Handle. 
F — Finder  Lenses. 
G— Shutter  Set  Off. 
H — -Finder  Aperture. 


K— Handle. 

L — Register  Spring. 

M  —  Level. 

N  —  Indicator. 


O — Receiver. 

P  — Register  Plate. 


The  Frena  Shutter  gives 
instantaneous  exposures,  |,  jq,  ^20, 
4?)'  8^0  of  ^  second,  tha  addition  of 
the  slow  ^  of  a  second  will  be  found 
a  great  boon,  time  exposures  of  any 
duration  may  also  be  given.  The 
perfect  ratio  of  the  different  ex- 
posure is  carried  out  in  this  shutter, 
^  is  always  twice  as  long  as  jq,  ^^c. 

The  shutter  is  manipulated  as 
follows  : — 

Wind  the  Shutter. 

This  is  done  by  turning  the 
central  milled  knob  which  projects 
from  the  front  of  the  case,  just 
below  the  lens  aperture  (A,  Fig.  8.) 

If  the  knob  will  not  turn  the  shutter  is  already  wound.    When  the  shutter  is 
wound  the  exposure  number  (B,  Fig.  8)  should  be  seen  through  the  small  apert 
Camera  front  ;  this  indicates  the  speed  of  the  shutter  in  fractions  of  a  second. 


completely 
ure  in  the 


Setting  Off  the  Shutter* 


Fig.  11. 


To  set  off  the  Shutter 

press  in  the ;  bolt  at  the 
right-hand  forward  end  of 
the  side  of  the  Camera,  it 
should  be  pressed  gradually 
right  home. 

Time  exposures  are  ob- 
tained by  first  seeing  that 
the  shutter  is  set  to  J  of  a 
second,  then  instead  of 
pressing  in  the  set  off  bolt, 
by  pulling  it  out,  which 
opens  the  lens,  and  after 
the  exposure  is  complete, 
by  pushing  it  in,  which 
closes  the  lens. 
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Description  of  the  Box  Model  Frena  Cameras* 


The  Changing  Mechanism  of  the  Box  Model  Frena  Cameras. 


As  has  been  pointed  out  the  essential  idea  of  the  Frena  system  is  to  deal  with  40  fla»t 
films  "  like  a  pack  of  cards."  The  object  is  the  same  in  all  types,  but  the  method  is 
slightly  different. 


Ready  to  Change  the  Film* 


To  Change  the  Films  hold  the 
lens  end  pointing  upwards. 

Grasp  the  level  handle  by  the 
ends:  and  the  handle  can  be  revolved. 
It  will  be  found  thai  it  will  move  in 
one  direction  for  a  short  distance 
only,  while  in  the  other  it  will  revolve 
a  complete  half  turn. 

To  change  the  film,  th^  handle 
must  be  rotated  a  half  revolution, 
allowed  to  remain  for  a  second  or 
two  and  then  returned  to  its  original 
position,  when  it  locks  into  the 
register  plate  so  as  to  be  ready  for 
the  next  exposure. 

This  motion  has  turned  the 
chamber  round  holding  the  films  to 
face  the  bottom  end  of  the  Camera, 
at  the  same  time  slipping  the  pins 
along  so  that  one  film  and  its  backing 
card  has  dropped  into  the  receiving 
end  of  the  Camera,  leaving  th©  next 
of  the  40  films  ready  to  receive  the 
picture  on  being  turned  back. 


There  is  an  indicator  fitted  to  this  Camera  to  count  the  exposures. 


The  Changing  Mechanism  of  the  Box  Model  Fre'na  No.  00. 


The  holder  is  detachable  from 
the  Camera  and  can  be  filled  with 
forty  flat  films  like  a  pack  of 
cards  as  indicated  in  (Fig.  14). 

It  is  this  rotary  form  of 
changing  which  allows  of  the 
swing  back  being  utilized,  for  as 
can  be  readily  seen,  if  the  Camera 
is  pointed  upwards  by  slightly 
rotating  this  holder,  the  photo- 
graphic film  can  be  placed  in  a 
plumb  or  vertical  position,  a 
spirit  level  on  the  handle  indica- 
ting when  this  is  the  case. 

The  Frena  Finders 

are  large  sized  '"Cornex"  as  men- 
tioned before,  indeed  these  finders 
are  fitted  to  all  Frena  Cameras, 
greatly  enhancing  their  utility. 


Fig.  14. 
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HAND  CAMERAS  FITTED  WITH  ^^BECK^^  LENSES. 

THE  FOLDING  FRENAS. 


No.  8  Frena.  8g. 


TAKES  40  FLAT  FILMS  LIKE  A  PACK  OF  CARDS. 

These  Cameras  are  the  outcome  of  the  "  Frena  System  "  of 
film  changing,  and  possess  all  the  adjustments  of  the  most 
complicated  cameras.  They  take  up  very  little  room,  all  the 
adjustments  of  front  and  shutter  occupy  a  space  of  Ig  deep.  The 
shutter  gives  a  faithful  range  of  speeds  from  ^  second  to  lio- 
Full  descriptive  list  on  application. 


No. 

Lens. 

Size. 

Apertures. 

Shutter  Speeds. 

Size. 

Price. 

8 

8G 
*8GG 

8A 

8AG 
*8AGG 

7 

7g 
6 

B.S.O. 
B.S.O. 
B.S.O. 
B.S.O. 
B.S.O. 
B.S.O. 

R.R. 
R.R. 
S.V.A. 

Hx3i 
^x3i 

4ix3i 
^x3i 

4|x3i 
4Jx3J 

f/6-3  8  11  16  22 
f/6-3  8  11  16  22 
f/6-3  8  11 16  22 
f/6-8  8  11 16  22 
f/6-8  8  11 16  22 
f/6-8  8  11  16  22 
f/8  11  16  22  32 
f/8  11  16  22  32 
f/11  16  22  64 

tV2C>  40"  8^0  12  0 

1  J.    1    1  1 

TO  2  0  40  8  0  T2  0 
T^O  2^0  4""  STJTio 
TO  2*0  4^  WO  lio 
10  20^4^0  50  T2  0 
TO  2^40- 8Vt2  0 
^20^0  8^  T2  0 
l"0"  2V  4*0  ^  T'i (T 
To"  2*0  /o  8*0  T2  0 

8J  X  5t  X  3J 
5i  X  4|  X 1 J 
8^x5|x3i 
5Jx4Jxli 
8ix5f  x3i 
81  X  5f  X  3i 
8|x5f  x3J 
8Jx5|x3J 
8Jx5f  x3J 

£1118  61 

10  7  0 

14  7  6 
1216  Of 

11  4  6 

15  4  6 
9   8  6t 
7  17  0 
5    8  6t 

*  For  Telephoto  Work, 
t  Complete  with  40  Flat  Films  and  a  Handbook. 


Fuller"  PaJrticulars  and  Illustrated  Lists  Post-free  on  application  to 
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The  Frena  System  of  Magnifiers 

For  portraiture  and  copying,  The  fixed  focus  Frena  Cameras  Nos.  00,  0,  22,  2,  3,  6,  10, 
11,  12,  will  give  sharp  pictures  of  all  objects  from  the  horizon  to  a  certain  definite  distance 
from  the  Camera.  In  the  No.  10  for  instance,  everything  beyond  15  ft.  will  be  sharp,  but 
objects  nearer  to  the  Camera  than  this  distance  will  be  out  of  focus.  By  the  use  of  Frena 
Magnifiers,  near  objects  can  be  photographed.  This  system  was  first  introduced  by  our- 
selves, and  was  so  successful  a  means  of  focussing  in  a  fixed  focus  camera  that  it  has  been 
very  widely  imitated,  but  it  must  be  remembered  that  as  these  additional  lenses  are  to 
combine  with  the  ordinary  Camera  lens  they  must  be  carefully  computed  to  give  good 
results,  and  the  quality  of  the  Frena  Magnifiers  goes  a  long  way  to  make  this  system 
successful. 

No  Frena  is  complete  without  the  ordinary  Set  of  Magnifiers,  and  those  of  higher 
power  greatly  increase  the  scope  of  the  instrument. 

THEIR  USE. 

It  is  important  that  the  distance  of  the  object  from  the  front  of  the  Camera  should  be 
accurately  estimated.  With  the  High-power  Magnifiers  this  is  especially  important,  as 
the  depth  of  focus  is  limited,  and  it  is  also  advisable  with  these  to  stop  the  Lens  down 
somewhat  if  microscopic  definition  at  the  corners  of  the  plate  is  desired. 

It  will  be  found  that  when  the  object  is  very  near  to  the  Camera,  say  within  2  feet, 
the  Finders  will  not  be  quite  accurate  for  ascertaining  the  position  of  the  image  on  the 
Film,  and  it  will  be  necessary  to  arrange  the  Camera  so  that  the  Lens  is  pointing  exactly 
towards  the  centre  of  the  object.  This  may  be  done  if  both  Object  and  Camera  rest  upon 
the  same  table,  by  measurement,  rising  the  Camera  up  until  the  centre  of  the  Lens  is  at 
the  same  distance  from  the  table  as  the  centre  of  the  object,  or  it  may  be  done  by  looking 
along  the  centre  of  the  Camera  side  and  the  centre  of  the  Camera  top. 


List  of  Magnifiers,  giving  the  Distances  from  the  Front  o'  the 
Cameras  at  which  objects  are  in  focus  at  f/II. 

These  Distances  can  be  somewhat  increased  by  using  a  small  Stop,  which  is 
always  recommended  for  any  Magnifier  higher  than  No.  4 . 


Distances  at  which  the  Magnifiers  are  to  be  Used. 


c 

Frena 

Frena 

Frena 

Frena  No.  2. 

Frena  No.  3. 

No.  00  and  10. 

No.  0,  11  & 

12. 

No.  22. 

13x  14. 

ft.  in.       ft.  in. 

ft.  in.  ft. 

in. 

ft. 

in. 

ft. 

in. 

ft. 

in.  ft. 

in. 

ft. 

in. 

ft. 

in. 

1 

10    0    to  6  0 

10    0    to  6 

0 

29 

0 

to  7 

0 

32 

0  to 

9 

0 

30 

0 

to  12 

0 

2 

6    0    to  4  0 

6    0    to  4 

0 

10 

0 

to  6 

0 

10 

0  to 

6 

0 

12 

0 

to  7 

0 

3 

4    0    to  2  6 

4    0    to  2 

6 

6 

0 

to  4 

6 

6 

0  to 

4 

6 

6 

6 

to  5 

0 

4 

2    1,  to  1  8 

2    4    to  1 

lU 

4 

6 

to  3 

6 

4 

6  to 

3 

6 

4 

0 

to  3 

6 

5 

1    5|  to  1  2j 

1  10    to  1 

5* 

2 

3 

to  1 

10 

2 

6  to 

2 

1 

2 

5 

to  2 

24 
84 

6 

1    1^  to  lU 

1    2*  to  1 

o| 

1 

9 

to  1 

6 

1 

11  to 

1 

8* 

1 

lOj 

to  1 

7 

lOj  inches 

9| inches 

1 

5 

to  1 

3 

1 

6j  to 

1 

4 

1 

6 

to  1 

44 

8 

81  do. 

8  do. 

1 

1 

to  1 

0 

1 

to 

1 

1 

1 

2i 

to  1 

14 

9 

7  do. 

7  do. 

9i 

inches 

9A  inches 

9| 

inches 

10 

8 

do. 

U  do 

8i 

do. 

11 

7 

do. 

Ih  do 

7 

do. 
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FRENA   MAGNIFIERS— Continued. 


Approximate  Distance  of  the  Object  from  the  Front  of  the  Camera 
to  produce  the  following  sizes  : — 


Size  of 
Picture. 

Frena 
Nos.  00  &  10. 

]Ma>j;'nifier 
Dis-          to  be 
tance  used. 

Frena 
Nos.O,  11  &  12. 

Ma.i^nifier 
Di's-          to  be 
taiice.  used 

Frena 
Nos.  22  &  6. 

Magnifier 
Dis-          to  be 
tance.  used. 

Frena  No.  2. 
13x  14 

]Ma.i4nifie. 
Dis-          to  be 
tance.  used. 

Frena 
No.  3. 

I\laj,'nifier 
Dis-          to  be 
tance.  used 

ft. 

in. 

No. 

ft. 

in. 

No. 

ft. 

in . 

No. 

ft. 

in. 

No. 

ft. 

in 

No. 

Full  size 

2  0 

7 

8 

1 

7 

8 

1 

9 

1 

1 

9 

0 

2 

10 

8 

2 

tV  do. 

5 

6 

2 

5 

6 

2 

7 

1 

2 

6 

6 

2 

8 

0 

2 

TO  do. 

3 

9 

3 

3 

9 

3 

4 

7 

3 

4 

8 

3 

5 

6 

3 

^  do. 

3 

0 

3 

3 

0 

3 

3 

8 

4 

3 

8 

4 

4 

0 

4 

i  do. 

2 

0 

4 

2 

0 

4 

2 

3 

5 

2 

3 

5 

i  do. 

1 

6 

5 

1 

6 

5 

1 

10 

5 

1 

10 

6 

2 

3 

5 

J  do. 

1 

2 

6 

1 

2 

6 

1 

4 

7 

1 

6 

7 

1 

9 

6 

1  do. 

9 

8 

7 

1 

0 

8 

1 

0 

8 

1 

2 

8 

1  do. 

7 

9 

9 

8i 

10 

8i 

10 

8 

10 

t  do. 

7 

11 

7* 

11 

Full  size 

7 

11 

The  above  Table  is  of  use  to  those  who  are  anxious  to  use  these  Cameras  for 
many  interesting  branches  of  work  usually  barred  to  the  box  model  camera  worker. 
Flowers,  curios  and  various  other  kindred  subjects,  such  as  copying  pictures,  engravings, 
etc.,  can,  as  a  matter  of  fact,  be  more  rapidly  carried  out  by  this  method  than  by  any  other 
means  of  focussing.  The  accuracy  and  finish  of  Frena  Magnifiers  is  guaranteed  by  the 
fact  that  both  lenses  and  the  magn  fiers  are  made  at  our  own  factory.  A  further  advan- 
tage of  this  method  of  focussing  is  the  fact  that  the  apertures  retain  their  relative  value, 
f/ .  .  is  always  f / .  . .     This  is  useful  when  using  an  exposure  meter. 

In  the  bellows  form  cameras  the  value  of  the  aperture  varies  for  every  object  at 
different  distances  from  the  Camera. 


PRICES    OF    THE    FRENA  MAGNIFIERS. 


<^ 

Frena 

0  c 

Frena 

Frena  Nos.  0. 

Frena 

Nos.  2  &  2BS. 

Frena  No.  3 

.  "OD 
O  CS 

Nos.  00  &  10. 

OBS  11  &  12. 

Nos.  22  &  6. 

13  X  14. 

and  No.  3  BS. 

s. 

d.     S.  d. 

s. 

d.    s.  d. 

s 

d. 

s.  d. 

S. 

d. 

s.  d. 

S. 

d. 

s.  d. 

1 

2 

2 
2 

6)   7  6 
6-  In 

2 
2 

6)    7  6 
6  -  In 

2 
2 

^1 

6 

10  6 

2 
2 

^1 
6 

10  6 

2 

2 

6 
6 

10  6 
-  In 

3 

2 

6)  case. 

2 

6)  case. 

2 

6 

In 

2 

6 

^  In 

2 

6 

4 

4 

0)  12  6 

4 

0)  12  6 

2 

6 

case. 

2 

6 

case. 

2 

eJ 

case. 

5 
6 

4 
4 

0  -  In 

01  case. 

4 
4 

0  -  In 

01  case. 

4 
4 

0^ 
0 

15  0 

4 
4 

0 
0 

15  0 
-  In 

4 
4 

0 
0 

15  0 
-  In 

7 

4 

0 

4 

0 

4 

0 

-  In 

4 

0 

4 

0 

8 

4 

0 

4 

0 

4 

0 

case. 

4 

0 

case. 

4 

0 

case. 

9 

4 

0 

4 

0 

5 

0 

5 

0 

5 

0 

10 

5 

0 

5 

0 

5 

0 

11 

5 

0 

5 

0 

5 

0 
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Hand  Cameras  Fitted  with  Beck  Lenses* 

THE  ''PENNA" 

A   FOCAL   PLANE  CAMERA. 


The  Camera  extended  showing  The  Camera  closed  for  the  pocket, 

the  speed  knob  exposed.  showing  the  front  flush  with  the  rest 

of  the  Camera. 

The  Shutter  gives  speeds  from  J  to  g^jj  second.  The  alterations  of  speed  are  all  made 
from  outside,  the  Blind  itself  has  not  to  be  touched.  It  takes  double  dark  slides  or  the 
Frena  Film  Holder,  carrying  20  flat  films.  The  Lens  is  supplied  in  a  focussing  mount 
with  engraved  scale  of  distances  and  Iris  diaphragm.  The  Camera  has  cross  and  rising 
front  and  Cornex  Finder.  When  folded  the  j-plate  size  is  under  2  inches  in  thickness,  and 
is  very  rigid  when  set  up. 

PRICES. 

Beck-Steinheil  Penna  Folding  Focal  Plane  Camera,  for  plates  4|x3|,  with  Cross  and 
Rising  Front,  and  giving  exposures  of  any  duration  or  g  to  of  a  second,  with 
Orthostigmat  Lens  No.  3,  Series  I.,  f/6'3,  4|  Focus,  in  special  focussing  mount 
with  Iris,  Three  Double  Dark  Slides,  aluminium  mounted  (Wallis  Bros.  Patent). 

Price,  £10    0  0 

Beck's  Patent  Frena  Film  Holder,  takes  20  flat  films  like  a  pack  of  cards  in  place  of  the 
double  dark  slides  with  camera,  as  above  ..        ..        ..        ..  ..£1100 

Beck-Steinheil  Penna  Folding  Focal  Plane  Camera,  for  plates  5  x  4,  with  Cross  and 
Rising  Front,  and  giving  exposures  of  any  duration  or  |  to  g^g  of  a  second,  with 
Orthostigmat  Lens  No.  4,  Series  I.,  f/6"3,  Sii  Focus,  in  special  focussing  mount 
with  Iris  Three  Double  Dark  Slides,  aluminium  mounted  (Wallis  Bros.  Patent). 

Price,  £11  10  0 

Beck's  Patent  Frena  Film  Holder,  takes  20  flat  films  like  a  pack  of  cards  in  place  of  the 
double  dark  slides  with  camera,  as  above         .  .        .  .        .  .        .  .        .  .    *£12  15  0 

Beck-Steinheil  Penna  Folding  Focal  Plane  Camera,  for  plates  6jx4|,  with  Cross  and 
Rising  Front,  and  giving  exposures  of  any  duration  or  g  to  of  a  second,  with 
Orthostigmat  Lens  No.  5,  Series  L,  f/6'3,  7g  Focus,  in  a  special  focussing  mount 
with  Iris,  Three  Double  Dark  Slides,  aluminium  mounted  (Wallis  Bros.  Patent). 

Price,  £13  10  0 

Beck's  Patent  Frena  Film  Holder,  takes  20  flat  films  like  a  pack  of  cards  in  place  of  the 
double  dark  slides  with  camera,  as  above         ..        ..        ..        ..        ..     *£14  12  6 

*There  is  a  slight  charge  for  fitting  if  both  dark  slides  and  holder  are  required. 

The  Camera  is  supplied  with  Biplanat  or  Rapid  Rectilinear  Lenses  at  a 
corresponding  reduction  in  price. 

Fuller  Catalogues  on  application  to 
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HAND  CAMERAS  FITTED  WITH  ^^BECK^^  LENSES^ 


THE  ^^CORNEX^^ 

(Magazine  Plate  Cameras) ♦ 


MODELS  A,  B  and  C,  i^plate* 

The  "  Copnex  "  Camera  takes  12  plates  in  sheaths,  which  fit  into 
the  back  portion  of  the  camera,  pressed  into  position  by  a  spring 
on  the  back  door — by  moving  the  sliding  crown-shaped  projection 
on  the  top  of  the  camera  once  forward  and  back  the  foremost  plate 
is  dropped  into  the  bottom  portion  of  the  camera.  Any  plate  can 
be  removed  for  development  without  disturbing  the  unexposed 
plates.  The  sheaths,  with  their  plates,  can  be  placed  into  the 
camera  in  any  order,  and  the  changing  mechanism  is  simple  and 
reliable.  Two  brilliant  stationary  finders  are  supplied — one  for 
horizontal,  and  one  for  vertical  positions.  A  tripod  screw  and  two 
bushes  are  supplied  with  each  camera.  The  shutter  gives  expo- 
sures 2^0,  ;g^(y  second,  and  time  exposures.  The  lens  is 
provided  with  diaphragms,  and  an  automatic  counter  registers  the 
number  of  plates  exposed.  The  camera  is  strong,  substantially 
made,  and  is  well  covered. 


Prices  of  the  "Cornex"  Cameras,  Models  A,  B  and  C. 


A 

Single  Achromatic  Lens 

£1 

1  0 

B 

Beck  Double  Meniscus 

Lens 

1 

10  0 

C 

Beck  Rapid  Rectilinear 

Lens 

2. 

2  0 

Fuller  Particulars  and  Illustrated  Lists  Post-free  from 
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These  models  have  the  same  changing  apparatus  for  12  plates, 
but  are  provided  with  an  accurate  and  delicate  focussing  adjust- 
ment. At  the  right-hand  side  is  a  travelling  scale  of  feet  and  index 
to  indicate  the  position  of  focus  for  objects  at  different  distances 
from  the  camera.  The  front  of  the  camera  opens,  exposing  the 
lens  and  shutter  to  view.  The  lens  has  an  iris  diaphragm,  and  the 
shutter  is  of  the  well-known  pneumatic  type,  giving  exposures  of 
4'  i'  ^V'  sV'  li^  of  a  second,  and  time  exposures  either  of  long 
duration  (one  press  of  the  set-off  opening  and  the  second  closing 
the  lens),  or  of  short  duration,  the  lens  remaining  open  only  during 
the  pressure  of  the  set-off.  The  finders  are  "  brilliant  stationary" 
with  folding  covers.  The  shutter  is  wound  and  set  off  from  outside 
the  camera,  and  the  speeds  are  changed  by  opening  the  front. 


THE  ^^CORNEX^^  PLATE  CAMERAS,  D,*  E,*  F*  and  G,* 


D 

Rapid  Rectilinear  Lens    .    _    .  - 

£3 

3 

0 

E 

Double  Aplanat  Lens  ----- 

4 

4 

0 

F 

Biplanat  Lens  -------- 

5 

0 

0 

G 

Beck-Steinhcil  Orthostigmat  Lens  - 

8 

8 

0 

*  Fitted  with  the  "  Cornex  Patent  Index"  (see  next  page). 


Fuller  Particulars  and  Illustrated  Lists  Post-free  from 
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THE  ''CORNEX  (PATENT)  INDEX" 


(as  fitted  to  the  "  Cornex  "  Magazine  Plate  Cameras  and  to  the 

"  British  Ensign.") 

The  "  Cornex  "  Cameras  Models  D,  E,  F,  G  (Focussing  Models), 
are  focussed  by  means  of  a  revolving  handle,  which  is  recessed 
into  the  bottom  of  the  camera.  Revolving  this  handle  moves  the 
whole  inner  case,  which  carries  the  plates  to  and  fro.  This  is 
accomplished  by  a  spiral  groove  on  a  revolving  disc,  into  which  fits 
a  stud  connected  with  the  inner  casing.  By  this  means  a  very 
steady  and  delicate  motion  is  obtained.  On  the  right-hand  side  of 
the  camera,  at  the  lower  back  corner,  is  the  scale  which  indicates 

the  distance  in  feet  to  which  the  camera 
is  set.  Fig.  A  shows  this  scale,  which  is 
a  patent  scale  upon  a  new  principle  ;  the 
lower  portion,  carrying  a  series  of  divisions 
which  represent  feet,  moves  as  the  focus- 
sing handle  is  turned,  the  upper  portion 
remains  stationary,  and  the  arrow  in  the 
centre  points  to  the  distance  that  is  most 
sharply  focussed.  In  the  figure  it  is 
shown  set  to  40  feet.  On  either  side  of 
this  arrow  are  divisions  marked  with  the 
apertures  of  the  lens.  These  divisions 
represent  the  depth  of  focus  of  the  lens, 
thus  in  fig.  A,  although  40  feet  is  the  most  exact  focus,  if  the  stop 
f/11  is  used  all  objects  between  20  feet  and  50  feet  will  be  sharp  in 
the  photograph,  or  if  f/16  be  used  all  objects  between  7  feet  and  100 
feet  will  be  sharp.  In  this  way  the  new  "Cornex"  Index  not  only 
shows  the  correct  focus,  but  also  what  is  in  focus  on  either  side. 

The  "Cornex  Index,"  even  to  the  uninitiated,  is  quite  as  easy 
to  use  as  the  ordinary  scale  if  the  following  point  is  remembered: 
Always  set  the  right-hand  line  of  the  upper  scale  (fig.  A), 
representing  the  aperture  in  use,  to  the  most  distant  object 
included  in  the  picture,  and  the  rest  will  look  after  itself. 

This  index  is  a  patent,  and  is  fitted  in  different  forms — that 
are  different  in  design,  not  in  principle — to  the  cameras  manu- 
factured by  ourselves;  it  makes  careful  focussing  possible  with 
lenses  of  large  aperture. 

PERFECT  FOCUSSING  WITH  HIGH-CLASS 
LENSES. 

Fuller  Particulars  and  Catalogues  Post-free  from 
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HAND  CAMERAS  FITTED  WITH  BECK 

LENSES. 


In  addition 
makes  can  be 
Lenses :— 


to  the  Hand  Cameras  described,  the  following 
supplied   fitted   with    Beck   and  Beck-Steinheil 


Maxim 
N.  &  G 
Nydia' 


The  "  Amber  "  Camera,  The 

The  "  Anschutz  "  Camera,  The 

The  "  Automan  "  Camera,  The 

The  "British  Ensign"  Camera,  The 

The  "  Cameo  "  Camera,  The 

The  "  Carbine  "  Camera,  The 

The    Challenge  "  Camera,  The 

The  "  DayroU"  Camera,  The 

The  "  Ensign"  Camera,  The 

The  "  Ilex  "'  Camera,  The 

The  "  Midg  "  Camera,  The 

Any  make  of  camera  can  be  fitted  to  order. 


Camera, 
'  Cameras, 
Camera, 
Panoramic"  Cameras, 
Pony  Premo  "  Camera, 
Primus"  Camera, 
Ruby  "  Camera, 
Sanderson"  Camera, 
Victo  "  Cameras, 
Weno  "  Camera, 
Xit "  Camera. 


THE   CORNEX  FINDER. 

The  Cornex  Finder  is  a  new  type  of  Brilliant  Finder,  designed 
so  as  to  overcome  the  disadvantages  that  have  hitherto  existed  in 
most  of  the  so-called  Brilliant  Finders. 

The  first  object  of  a  Finder  is  to  cor- 
rectly indicate  the  amount  of  view  included 
on  the  photographic  plate,  and  whilst  the 
ordinary  ground-glass  form  fulfils  this 
purpose  it  has  the  great  disadvantage  of 
giving  but  a  dim  image. 

To  overcome  this,  the  so-called  Brilliant 
Finder  was  invented.  This  form  gave  a 
picture  as  vivid  as  the  object  itself,  but  it 
generally  suffered  from  the  serious  defect 
that  the  amount  of  view  included  in  the 
picture  was  not  the  same  if  the  observer 
looked  into  it  at  different  angles.  In  some 
cases  the  Finder  was  rendered  quite  unreli- 
able by  the  extent  to  which  this  defect  occurred — a  slight 
movement  of  the  observer's  head  making  a  very  considerable 
difference  in  the  amount  of  view  included. 

Price  of  Cornex  Finder,  for  use  with  lenses  of  focus  5|  in.  or  5J  in. 
on  J-plate,  6J  in.  to  7  in.  on  5x4,  or  8  in.  to  9  in.  on  J-plate, 
5/-.    Finished  bright,  7/6. 


Fuller  Particulars  and  Illustrated  Lists  Post-free  on  application  to 

&  J*  BECK^  Ltd«^  68,  Cornhill,  London,  E»C* 
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Optical  Accessories  for  Photographic  Lenses* 


PRISMS  FOR 
PROCESS  WORK. 

These  are  made  in  two 
qualities,  but  both  qualities 
are  sufficiently  good  for  the 
most  perfect  work.  The  1st 
Quahty  are  larger  compared 
with  ths  size  of  the  lens 
employed,  and  are  in  a  some- 
what more  elaborate  mount. 
The  surfaces  of  those  of  both 
qualities  are  "figured"  to  a 
degree  of  great  perfection, 
and  will  produce  the  very 
best  work. 


1st  QUALITY. 
Prices  of  Prisms  for  Process  Orthostigmat  Lenses,  Series  III. 


For  Orthostigmat. 

Price. 

For  Orthostigmat. 

Price. 

No.  7.  llfin. 
„    8.     15|  in. 
„    9.  igfin. 

£15    0  0 
20    0  0 
25    0  0 

No.  10.    23*  in. 
„    11.  29iin. 
„    12.    35^  in. 

£30    0  0 
37  10  0 
45    0  0 

2nd  QUALITY. 


No. 

Diameter  of  Lens. 

Price. 

No. 

Diameter  of  Lens. 

Price. 

1 

1    in.  clear. 

£3  0 

0 

10 

2j  in.  clear. 

£7  10 

0 

2 

1|    „  „ 

3  15 

0 

11 

2i    „  „ 

8  5 

0 

3 

1|  „ 

4  2 

6 

12 

2* 

9  0 

0 

4 

4  10 

0 

13 

21    „  „ 

9  15 

0 

5 

1^ 

4  17 

6 

14 

2f  „ 

10  10 

0 

6 

i| ::  :: 

5  5 

0 

15 

2i 

11  5 

0 

7 

5  12 

6 

16 

3 

12  0 

0 

8 

2 

6  0 

0 

17 

3i    „  „ 

18  0 

0 

9 

2i  „ 

6  15 

0 

18 

4  ,, 

30  0 

0 

MIRRORS   AND   LIGHT  FILTERS. 

These  Mirrors  are  silvered  on  the  surface,  and  their  surfaces,  as  well  as  those  of  the 
troughs  or  light  filters,  are  all  "figured"  to  the  highest  degree  of  accuracy.  Second  quality 
mirrors  are  supplied  in  which  the  surfaces  are  figured  to  a  degree  of  accuracy  sufficient 
for  all  process  work.    (Prices  on  application.) 


Prices  of  Mirrors,  Etc.,  for  the  Special  (Series  III.)  Process  Orthostigmats. 


For  Orthostigmats 

No.  7 

8 

9 

10 

11 

12 

Focus   

111 

15i 

19| 

231 

291 

351 

Plane  Mirror  

Light  Filters  .  .     .  . 

£15    0  0 
5    0  0 

£20    0  0 
7    0  0 

£24    0  0 
9    0  0 

£27    0  0 
110  0 

£30    0  0 
14    0  0 

£32  10  0 
20    0  0 

Prices  of  Second  Quality  Mirrors  on  application  to 

R.  &  J.  BECK,  Ltd.,  68,  Cornhill,  London,  E.C. 
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OPTICAL  ACCESSORIES  FOR  PHOTOGRAPHIC 

LENSES. 

BECK-HARRIS   SPECTRUM  FILTER. 

IsochromaLic  Screens 
have  been  relegated  to 
rather  an  unimportant 
position,  owing  to  the 
fact  that  they  have  not 
always  been  manufac 
tured  as  an  optical  acces 
sory  by  lens  makers 
requiring  as  much  atten 
tion  as  the  lens  itself 
There  are  two  points  in 
which  the  Beck-Harris 
Screen  shows  a  marked 
advance  over  other 
screens.  It  allows  of  the 
truest  rendering  of  all 
colour  values  without  increasing  the  necessary  exposure  in  the"  same  proportion. 

There  can  only  be  one  rendering  of  all  colours  in  monochrome  which  reproduces  their 
luminosities  in  the  same  proportion  as  seen  by  the  eye.  It  is  just  as  possible  to  over- 
correct  for  yellow  and  green  as  it  is  for  the  ordinary  plates  to  under-correct. 

With  the  Beck- Harris  Filter  the  result  is  obtained  with  an  increase  of  exposure  of  but 
3  to  4  timss  a2cording  to  plate  used,  and  gives  a  greater  differentiation  than  the  ordinary 
yellow  glass  screen  with  8  times  the  exposure. 

Surprise  may  be  experienced  with  regard  to  the  relative  prices  of  Quality  I.  and 
Quality  II.  The  first  is  composed  of  two  thick  pieces  of  glass,  so  thick  as  to  prevent  any 
bend,  and  each  of  the  4  surfaces  is  figured  with  the  same  accuracy  as  the  best  of  Process 
Prisms,  and  are  specially  designed  for  Process  work,  as  they  do  not  interfere  in  the 
slightest  degree  with  the  optical  qualities  of  the  finest  of  modern  Anastigmats.  If  one  of 
these  screens  were  placed  on  a  delicate  long-focus  lens  of  an  aperture  of  f/6,  the  definition 
would  be  as  critical  as  before,  whereas  if  Quality  II.  were  used,  the  definition  would 
suffer  slightly. 

At  the  same  time  Quality  II.  is  an  advance  over  the  ordinary  Isoehromatic  Screen. 
Its  4  surfaces  are  such  that  they  do  not  interfere  with  the  definition  for  all  ordinary  work, 
landscape  or  architectural,  and  it  is  only  at  full  aperture  on  fine  lines  that  the  difference 
between  the  two  can  be  seen. 


Quality  I. 

iured  Surfaces. 


PRICES  AND 


SIZES. 

Quality  II, 
Good  Quality  Parallel  Surfaces. 


No. 

Size. 

For 
Orthostigmat 
No. 

Price. 

No. 

Size. 

For 
Orthostigmat 
No. 

Price. 

1 

1" 

1,  0,  Oa 

£1  10  0 

1 

1" 

1,  0,  Oa 

£0    7  0 

2 

1  15  0 

2 

0    7  6 

3 

2,  3,  4,  2a,  3a 

2    0  0 

3 

2,  3,  4,  2a,  3a,  2b 

0    7  6 

4 

ir 

5,  3b,  4a,  2b,  3b 

2  15  0 

* 

5,  4a,  3b 

0    8  6 

5 

2" 

6,  7,  8,  8a 

3  10  0 

5 

2" 

6,  7,  8,  5a,  6b 

0    9  6 

6 

2i" 

4    0  0 

? 

2i" 

0  10  6 

7 

Ol" 
^2 

9 

5    0  0 

9 

0  12  6 

8 

2|" 

6    0  0 

8 

n3" 

0  12  6 

9 

3" 

10 

7    0  0 

9 

3" 

10 

0  15  0 

Full  Catalogues  on  application  to 
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THE  ''LUVEX*' 
LANTERN. 


This  Lantern  and  set  of  apparatus 
has  been  specially  designed  for  home 
use  for  displaying  pictures  to  one's 
friends  with  the  minimum  of  trouble. 

The  Lantern  illustrated  is  arranged 
for  ordinary  gas,  with  the  Welsbach 
Incandescent  Burner.  It  has  merely 
to  be  connected  to  the  ordinary  gas- 
burner  by  an  indiarubber  tube,  and  it  is 
ready  for  immediate  use.  The  whole 
lantern  packs  away  into  its  box  when 
not  in  use. 

When  house  gas  or  electricity  is  not 
available,  special  estimates  for  limelight 


Lantern,  complete  with 
Lens,  Burner,  Mantle, 
Condenser,  Slide  Car- 
rier, and  all  Adjust- 
ments, complete  in  box, 

£3  18  6. 

Do.,  do.,  with  100  CP. 
Focus  Electric  Light 
in  place  of  Welsbach 
Burner. 

£4   18  6. 

3  ft.  6  in.  Transparent 
Screen  on  Spring  Rol- 
ler Attachment,  which 
can  be  erected  in  a  few 
moments,  or  as  rapidly 
packed  away  in  its  box, 

10/6. 

4  ft.  Opaque  Screen,  in 
similar  box  and  mount- 


ing, 


12/6. 


Consisting  of — 
1  Printing  Frame 
3  Boxes  of  Lantern  Plates 
1  Box  of  Lantern  Slide 

Binders 
1  Box  of  Lantern  Masks 


3  Dozen  Cover  Glasses 
1  Box  of  Spots  for  Lantern 
Slides 

1  3|x3j  Developing  Dish 

1  6i  X  4|  Fixing  Dish 

1  Washing  Rack  and  Tank 


Complete  Set  of 
Apparatus  for 
Making 
Lantern  Slides, 

Price  18/0. 

1  Drying  Rack 

2  Bottles  of  Hydrokinone 

Developer 
1  Box  of  Hypo 
1  2-oz.  Measure  Glass 


R.  &  J.  BECK,  Ltd.,  68,  Cornhill,  London,  E.C. 
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BECK'S   PRISMATIC   FIELD   AND  MARINE 

GLASSES. 


The 

*^Steinheir^  Prismatic  Field  Glasses* 

In  introducing  to  the  English  Market  this  Prismatic  Double 
Telescope,  Messrs.  R.  &  J.  Beck,  Ltd.,  would  particularly  draw 
attention  to  the  quality  of  the  optical  portions  of  these  instru- 
ments. They  believe  that  the  superiority  of  these  glasses  is  so 
marked  as  to  specially  appeal  to  those  who  are  not  content  with 
an  article  of  ordinary  quality,  however  excellent  the  design. 


R.  &  J.  BECK,  Ltd.,  68,  Cornhill,  London,  E.G. 
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STEINHEIL  PRISMATIC  FIELD  AND 
MARINE  GLASSES. 

These  Field  Glasses  are  composed  of  two  telescopes,  which,  by 
the  ordinary  construction,  would  be  nearly  a  foot  in  length,  but  by 
the  use  of  the  so-called  "  Porro  "  prisms,  are  reduced  to  the  length 
of  an  ordinary  field  glass,  retaining  all  the  advantages  of  telescopes 
in  the  space  of  a  field  glass.  There  are  four  prisms,  with  twelve 
surfaces,  which  require  to  be  of  the  very  highest  optical  finish  to 
ensure  perfect  results.  The  function  of  these  prisms  is  simply  to 
bend  the  rays  collected  by  the  object  glasses  on  their  way  to  the 
eyepiecfes,  and  in  so  doiia^g  to  invert  the  image. 

Messrs.  Steinheil  have  been  long  connected  with  the  manu- 
facture of  the  finest  telescopes,  and  their  knowledge  has  enabled 
them  to  produce  a  lens  system  to  work  in  combination  with  these 
prisms,  which  leaves  nothing  to  be  desired. 

The  object  glass  is  of  larger  aperture  than  is  usual  in  this  class 
of  Field  Glass,  the  field  being  proportionately  brighter.  The 
eyepieces  are  also  specially  designed  to  give  the  best  results  in 
conjunction  with  the  object  glasses. 

These  glasses  should  be  carefully  adjusted  to  suit  the  distance 
between  the  eyes.  This  is  done  by  bending  the  two  halves  till  the 
margins  of  the  fields  appe'ar  to  exactly  coincide,  showing  only  one 
circular  aperture.  Correct  adjustment  of  this  distance  is  of  some 
importance. 

The  eyepieces  should  be  focussed  separately,  to  accommodate 
for  any  difference  in  the  vision  of  the  observer's  eyes.  The 
focussing  is  accomplished  by  rotating  either  eyepiece.  If  focussed 
for  objects  at  100  yards  distance,  all  objects  beyond  will  be  sharp, 
and  those  much  nearer,  within  certain  limits,  will  also  be  suffi- 
ciently sharp.  This  is  approximately  the  best  distance  to  focus 
for. 


Price,  including  Sling  Strap  and  Case. 


Binocular. 

Monocular 

Model  A 
Model  B 
Model  C 
Model  D 

Magnifying  6  times.  Angle  of  View,  6'7° 
Magnifying  9  times,  Angle  of  View,  4'4° 
Magnifying  12  times,  Angle  of  View,  3-3° 
Magnifying  5J  times,  Angle  of  View,  7-3° 

£7   0  0 

8  0  0 

9  10  0 
12   0  0 

£3   0  0 

3  10  0 

4  0  0 

5  0  0 

Model  D  is  specially  made  to  give  brilliant  illumination 
for  night  work  and  foggy  weather. 
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MICROSCOPES  from  £3  3s*  to  £150* 

The  "Star"     -    -    -    -    -  £3    3    0    to   £8    0  0 

The  "  British  Students'"-    5    0    0    to    15    0  0 

The  "London"    -    -    -    -    5    0    0    to    35    0  0 

The  "  Pathological "     -    -  10    0    0    to    50    0  0 

The  "  Imperial"  -    -    -    -  15  10    0    to    50    0  0 

Complete  Outfits  for  Laboratories. 

Microscope  Catalogue  Free. 


TELESCOPES,  FIELD  GLASSES  AND 
BINOCULARS 

TO   Suit  all  Requirements. 
Telescope  and  Field  Glass  Catalogue  Free. 


SPECTACLES 

supplied  to  Oculists'  Prescriptions. 

Sight  is  Tested  Free,  but  spectacles  are  only  prescribed  for 
simple  refraction  defects,  all  difficult  cases  being  referred  to 
oculists. 

Spectacle  Catalogue  Free. 


R*  &  ].  BECK,  Ltd,  68,  CornhiU,  London,  E.C. 


